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[0001] Field of the Invention [0002] This invention relates to binder resins
for photosensitive conpositions, photosensitive conmpositions derived

t herefrom W%%ﬁz%gsses of use of the photosensitive gopp@sbddens for
rapny

photolitho i the production of sem conductor devices and materi al s.
Background of the Invention [0003] The continuing drive for mniaturization
of sem conductor devices has caused an increased rigor in the

phot ol i t hogr aphy used el ' devi ces. The
demands for finer resof‘&Y%’nﬁmgggggggb@&%'?%@ﬂgbﬁ I'magi ng

wavel engths from 365 nm (high pressure nercury |anp) to 248 nm (KrF exci nmer
| asers), to 193 nm (ArF exciner |asers) and beyond. As the patterns and
mavelengths[bg?Ppe finer, the materials properties of the photoresists used
for pattern deli’neati on have beconme nore and nore dermanding. In particul ar,
requi renents of sensitivity, transparency, aesthetics of the inmage
produced, and the selectivity of the resists to etch conditions for pattern
transfer becone nore and nore strenuous. Because of this, the traditional

| i t hographic materials, such as Fieldwflth&dnvehteoronapht hoqui nones, etc., are
unsui table platforns for ultra |arge- scale integration (ULSI) manufacture
and beyond. [0004] Advanced photoresists usually enploy a technique called

chemi cal angbbbgrat i omhig inbértidnaneRtdsd teebiidel etediys ploet phytdbensitateal yzes a
solubility switch fromalkali insoluble to alkali soluble by renpval of an
acid sensi tGomPagitians. phetosensitive eemarxtions denved; themfign nEPipcessrs

princi pl e of ¢l 0 : 2697 kSt j fihncgdd on as a
basis for phOJt grggsgggﬁ%pérggﬁggﬁﬁé% een s&%@%ﬂ%fmﬁﬁo@g@% l?sg{eé us

Pat ent No. 4praduct®ps)f semicandtistaridesicey andpnatetiald. resi sts have been desi gned
around the use of acid sensitive carboxylic esters

Background of the Invention

[0003] The continuing drive for miniaturization of semiconductor
devices has caused an increased rigor in the photolithography used to
delineate the fine patterns.of those devices. The demands for finer resolution
have caused the shrinkage of imaging wavelengths from 365 nm (high
pressure mercury lamp) to 248 nm (KrF excimer lasers), to 193 nm (ArF
excimer lasers) and beyond. As the patterns and wavelengths become finer,
the materials properties of the photoresists used for pattern delineation have
become more and more demanding. In particdl-ah fequirements of sensitiviiy,
transparency, aesthetics of the image produced, and the selectivity of the
resists to etch conditions for pattern transfer become more and more
strenuous. Because of this, the traditional lithographic materials, such as
novolaks, diazonaphthoquinones, etc., are unsuitable platforms for ultra large-
scale integration (ULSI) manufacture and beyond.

[0004] Advanced photoresists usually employ a technique called
chemical amplification in which an acid generated by photolysis catalyzes a
solubility switch from alkali insoluble to alkali soluble by removal of an acid

sensitive group protecting an alkali-solubilizing moiety. The principle of



or acid sensitive hydroxystyrene derivatives. [0005] The nobst common type of
phot oresists are called "single |layer" photoresists in which the
phot oresi st has both the function of inmaging and plasm etch resistance.

Anot her aprR¥®afesoi29s750l ving the need for high etch resipgiraRgRsybisy® ves the
use of nultilayer resist systems, typically a bilayer system In this
approach, a thin photoresist imaging |ayer is deposited over a thicker

pl anari zi ng ¢hayeicall amolificatian)as Frhaspnier Ghetaresisi epenation hasshepmelnawre
f f d f:
unction of 4 8%3@%9 (88 w%&&&%mmaagye VbBEhURL(P Antfiniéd 25 T8

etch resistance er oresists typica n si and this
provi des cenretswtmha‘m/aeerage&gned aemmiddhemnsequcamdjsamaglvemanbmtyhc gaigrsig fil ns.
In many cases the bilayer, K pho oreS|st/ rcoat stack provides better
substrate p?a%%sﬁrt’% %’ﬁgqrgmh}grgn?ﬁgﬁ Vgghgle | ayer photoresist. The

bi | ayer systemis inmage-w se exposed and devel oped to uncover portions of
the undercoat. Both | ayers are exposed to an oxidative etch typically with

a gas conpri 90 B8] oxygeie mpﬁbcgmm%'owp?ﬁ Phetosesisty are caled sipgiedayas t o
silicon di Oxbﬁ&o%@fhsmﬁ%ﬁa{ $hd *bﬂﬁ ﬂ'h(éé‘ﬁoﬂ'ﬂﬁfe‘ﬁ%honﬂ?%ﬁé@ vghed

undercoat is oxidized away and e Image pattern in therésist is
transferred plasmateteh uesistanoadt Anoﬂm pwczbftomqhay@rth@lmeedrf@shlgh§t@an be

found for ex US Pat.ent

6, 028, 154, l%rg%k 'f@@ve%éﬁg "i%gg%@'hﬁ gchl%gyf‘c’?va?( y?@%@ﬁéor gaslgd her ei n
in their entgystdm. |.|$tmm| pyprazcht Iaehl_hrphetdresiat ib iy Ia(]lale:saﬁa@esf itedbvére
invention is, a novel sjlic t ai ni 0 use or _Si r

bi | ayer phot thicker a’}?ﬁ'ﬁlﬂgc%[)’% Q%{F@?? ﬁ??pﬁ:‘m%ge%{ﬁp%lyﬁhﬁ asgg@%’ ﬁéed t hr ough
pol ymeri zat i Ripchdn 8t mﬁé?ﬁ%% aﬁﬂ%&@ﬁ@é@éat@é aSsigHEd WHeefunctioMBEplasMaRtch s a

noi ety containing an eni cal unsat urated pol yneri zable group, each R2

i s i ndependefasisjangec] B(’JQY@'I Wpt@rﬁ%s'@fﬁdﬁfa'ca'ﬁ/nﬁoé@éh SIiESOF sand HU%[%WG@?& ly a
aromm | ¢ or ot SRR ) (S Rol st AR e i R,
2005/ 022257 mysummrayesgﬁtmtmswunmcoat stack provides better substrate
plasma etch resistance than a single layer photoresist. The bilayer system is
image-wise exposed and developed to uncover portions of the undercoat.
Both layers are exposed to an oxidative etch typically with a gas comprising
oxygen. The silicon in the bilayer resist oxidizes to silicon dioxide and
protects the underlying undercoat. The uncovered undercoat is oxidized
away and thus the image pattern in the resist is transferred into the undercoat.
Examples of bilayer photoresists can be found for example in US Patent Nos.
US 6,359,078, US 5,985,524 and US 6,028,154, US 6,146,793, US 6,165,682
each of which is incorporated herein in their entirety.

Summary of the Invention

[0006] One aspect of the invention is a novel silicon-containing polymer
useful for single or bilayer photoresist applications which comprises a polymer
obtained through polymerization of at least one monomer of Structure |,
wherein R' is a moiety containing an ethylenically unsaturated polymerizable
group, each R? is independently a C;-C; alkylene group, and each R3 is
independently a Cj.49 linear or cyclic alkyl group, a Cs.10 aromatic or

substituted aromatic group, a C.g alkoxy methyl, or a C4.s alkoxy ethyl group.
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R&I I ." R R3 31 Ssi" "LR3 Structure I [0007] Another aspect of the

i nvention described herein is novel photosensitive conpositions
(photoresists) conprising: a) at |east one polyner conprising a co-pol yner
obt ai ned t Ry@uaB/2pe1 yneri zati on of at | east one nononerpcefuszousmssbwr e | b)
at | east one photoacid generator, and <c¢) at |east one solvent. [0008]

Anot her aspect of the invention is a bilayer photoresist stack conprising

t he af orenmenti oned photosensitive conposition; an undercoat, and a

sem conductor substrate. [0009] Another enbodi nent of this invention is a
process for the |lithographic treatnment of a substrate by neans of a bil ayer
phot oresi st process that conprises: a) providing a substrate, b) coating in
a first coating step said substrate with an undercoat solution, c) baking
to renmove sol vent, 3 WD 2005/022257 PCT/ US2004/ 026979 d) coating in a second
coating step a photosensitive conposition f this invention over the
undercoat to produce a bilayer photoresisR'stack, e) exposing the bilayer
resi st stack, f) devel opi ng the photosensitlive conposition portion of the

bi | ayer photoresist stack maki ng a poriNQ Qof the under | yi ng undercoat
visible, g) rinsing the bilayer photoresjst stack, and h) etching the

vi si bl e undercoat in an oxidizing plas to

Structure |

[0007] Another aspect of the invention described herein is novel
photosensitive compositions (photoresists) comprising:
a) at least one polymer comprising a co-polymer obtained through
polymerization of at least one monomer of Structure |
b) at least one photoacid generator, and
c) at least one solvent.

[0008] Another aspect of the invention is a bilayer photoresist stack
.comprising the aforementioned photosensitive composition, an undercoat,

and a semiconductor substrate.

[0009] Another embodiment of this invention is a process for the
lithographic treatment of a substrate by means of a bilayer photoresist
process that comprises:

a) providing a substrate,

b) coating in a first coating step said substrate with an undercoat
solution,

c) baking to remove solvent,



produce a bilayer relief image. Detailed Description of the Invention [0010]
The present invention conprises a polyner obtained through polynerization
of at |east one nonomer of Structure | wherein RL is a noiety containing an

et hyl eni calywy 203padsf at ed, pol yneri zabl e group, each R2 pdifys2idppendent|y a
Cl1- C3 al kyl ene group, and each R3 is independently a C1.10 |inear or cyclic

al kyl group, a C6-10 aromatic or substituted aromatic group, a Cl_8 al koxy
methyl, or a Cl-8dal koxycoating In gsecend eogting\stegpa photrsensitive composition

Structure | [0011] The ’q?%g‘?r{veﬂi;oﬁb(/é&céwﬁﬂﬁ\d%ﬁcgﬁf‘ oa;gaaauwg H%Q{Lérs a noi ety

cont ai ni ng an et hyl eni ca unsat ur at ed rou and a cyclic
portion that contains siphotaasiststablon and oxygen. Exarrpl es of R1 i ncl ude,

but are not limted to, unsatggf;éabﬁd al kene vinyl ethers, or acrylate or
met hacryl ate groufis. Exd&¥pPaLY Wrﬁ%?%}ré?? Kyabl e groups are Cl 6 Iinear
1-al kenes, Cl_6 Ir)near \devislopirigteephotsuénERive cbinpesition portirl dfehal kyl acrylic
esters. 4 WD 2005/ 022257 PCT/ US2004/ 026979 Exanpl es. of pr eferred

pol ymeri zabl e gr oups ar dikgygrphoteresizt stagkmﬁ@g@ portionaf the yadering . and

2-ethyl acryloyl, 2-propyldepcdatRle0r 2-cyclohexyl acryloyl groups. [0012]
The cyclic portion of the nononer having Structure | contains silicon,

carbon, and oxyge@) The rdising the bilagenpheforesist steak.cout 5 to about 8 atons
| 5l ze. Preforably the diigg 4 USHW GrRRObAN SN 2 BAAE BRsORe, and F2 TS

nmet hyl ene, ethyl en ene’ group group being nore
preferred. The two R2 grpwmcmjmldmereeltdﬁanagm of the sane groups described
above or two different groups with two nethyl ene groups being preferred. R3
is a Cl.10 linear or cyclic al kyl group, C8.10 aromatic or substituted

aromatic, Cl1_8 al koxy nethpletaifdd Bésériplid® oy tifs ventiofups.

[0010] The present invention comprises a polymer obtained
through polymerization of at least one monomer of Structure | wherein R is a
moiety containing an ethylenically unsaturated, polymerizable group, each R?
is independently a C4-C5 alkylene group, and each R? is independently a C1.1o
linear or cyclic alkyl group, a Ce.19 aromatic or substituted aromatic group, a
C1.s alkoxy methyl, or a C4.g alkoxy ethyl group. '

R2 I 1112

3 3
R | R
;Si\ /S./ s
R O R

Structure |

[0011] The monomer of Structure | contains two parts, a moiety
containing an ethylenically unsaturated, polymerizable group R' and a cyclic
portion that contains silicon, carbon and oxygen. Examples of R' include, but
are not limited to, unsaturated alkenes, vinyl ethers, or acrylate or
methacrylate groups. Examples of such polymerizable groups are C.s linear

1-alkenes, C1.¢ linear vinyl ethers, and C,_s linear or cyclic alkyl acrylic esters.



Exanpl es of preferred R3 groups include nethyl,
phenyl ,

cycl opropyl, cycl opentyl
met hyl , et hoxy nethyl or methoxy ethyl
having Str YoS0daadncl ude, but are not

conpounds. l'W(It’aol bzlzc r 5 WD 2005/ 022257 1d r r
-0 PCT/ US2004/ 026979 If Si Si

or cycl ohexyl,
gr oups.

reacti on i ¢ KYebIE AR 2Rl

groups.

fio3aEspd

[0012]

limted to,

et hyl, propyl,
4- met hyl phenyl, net hoxy
[ 0013] Exanpl es of conpounds

t h‘i'acfrﬁfsbda%ﬂi&9

ler Ilg A-~Si~Sd i Ili

6 WO 2005/ 022257 PCT/ US2004/ 026979 [0014] The
cyclic noi et ExBowes ioh meﬁeuedupelymenaqblg@rgym rasei vieyl, [@jlyk Hebutesdicti-on of a

R

The cyclic portion of the monomer having Structure | contains

silicon, carbon, and oxygen. The size of the ring is from about 5 to about 8

atoms in size. Preferably the ring structure contains 2 silicon atoms and R? is

a methylene, ethylene or propylene group, with a methylene group being

more preferred. The two R? groups may be either two of the same groups

described above or two different groups with two methylene groups being

preferred.

substituted aromatic, C,s alkoxy methyl,

R® is a Ci.1o linear or cyclic alkyl group, Ce.1o aromatic or

or Cig alkoxy ethyl groups.

Examples of preferred R® groups include methyl, ethyl, propyl, or isopropyl,

cyclopropyl, cyclopentyl or cyclohexyl,

methyl, ethoxy methyl or methoxy ethyl groups.

[0013]
limited to, the following compounds.

phenyl,

4-methylphenyl, methoxy

Examples of compounds having Structure | include, but are not

S
) »*
o S
Ia Ib Ic \

or isopropyl,

o



obt ai ned can then be hydrol yzed and decar boxyl ated usi ng standard mal onic
ester synthesis procedures to obtain the nonocarboxylic acid derivative. The
nonocar boxylic acid derivative can then be esterified using the appropriate
R OH to gi si red nmononmer of Structure | using k )-hi cation
processes,vﬁ%%ﬁgygﬁzich is illustrated bel ow Na(r) Etgeﬂﬂsﬁﬁﬁf%%ﬁoo R3 R3
R3 j3 FtySL' or SLRLC, Hr) OH2RR .2 3_ RBL I R R31SL,0'S<R3 2 .. 2 Rl
OH RIR R R3 catalyst R3 S~O S(R3 [0015] present invention also

i ncl udes polymers conpri sing co- polyner pf at |east onerﬁﬁnoner of
Structure | and at | east onefacid sensiti t hyl eni cal | yl unsat ur at ed,

pol yneri zabl e nononer. The noner contains a' nmasked al kali sol ubilizing
group that upon treatnent th acid, unnesks the alkali splubilizing group.
Exanpl es of such acid sensitive polynerfi zable nononers #nclude, but are not
, protected

limted to, acid | abi:l ‘otected acrylic acid nononer
hydr oxystyrene nmononers] and acid’ [e protected: ornyl ene
carboxyl ates 7 WO 2005/822257 PCT/ USR004/ 026979 R14 Siructure 11
—
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Structre 111 Structure N as described in the nonomers of Structures II-1V.
[0016] In Structure Il R4 is a hydrogen, Cl-3 al kyl group, or a Cl1.3
perfluorinated al kyl group. Exanples of preferred R4 groups include
hydrogen, RRSfeboRss7tri fluoronethyl group. RS is an aci gcgiuSadaidesro
protecting group that generates carboxylic acid when cleaved by acid. R5
may be C4-20 branched or cyclic alkyl, C2_5 linear or cyclic a-al koxy

al kyl . Those skilled in the art understand that exanples of R5 substituents
having tertiary carbons or which constitute al pha al koxy esters have hi gher
acid sensitivities. Exanples of preferred R5 include nethoxynethyl,

et hoxynet hyl [001dI]t but Tthe cycﬂicmd&tylfpund im@tristureyiohah be synthesized by the

1- nmet hyl cycl g I th a o] n

et ahycr opurSHRIPH A TEENR SeED BP dnsiniat, 31 Bl 8 alkilhalen 3 oRBSer s of
Structure Il by n@buﬁtm witht aasis(chidrodlkylidisidxame donpoiunl. atiey bydlie, diestert vl
nmet hacryl ate, 1-nethyl cycl Ohh)éfépk)’rmt hacryl at e, tet rah%/dr opyranyl acryl ate,

t- anyl acryP W‘eqcme"rﬁﬁ rad @nd %EWV&%% g stafidayd madoniq - net hyl -
hydr oxyadamagtsl s?ﬁﬁw? b@é&nesf tcbast\atn {Hel %Haéém&wla%fd R dtive aT‘ﬁ’e 1-

met hyl cycl ohexyl orret hyl acrylate. [0017] Structure |11

sel ected fr oqulOCQJbeXMIICI aoidrdex VHWe C@]\I then e@ﬂemmgsmgeﬁharapmrmt@ each

i ndependent | C h al ogen;
RO is H or QEJC éﬁgrtﬁ% i%%gl?d gi 4l y?tmﬁﬁ%opg%%gﬁé@e%x%%%{w#
substituted prooessed)sahbtaﬂwwbmmlnﬂratw I=idsti tuted or wunsubstituted |inear,
branched or cyclic Cl1-C20 al kyl, optionally containing an 8 WO 2005/ 022257
PCTI US2004/ 026979 et her or ester group, a substituted or unsubstituted
phenyl al kyl ene or a substituted or unsubstituted C6-C20 cyclic al kyl ene; R
and R12 are independensdy selected fromH, |inear or branch cyclic
Cl-Cl14 al kyl, or C?Eto(;[ﬂﬁl/oaycl ic; f&];SR:ﬂ 2 sel ect ed H om a Cl- C14 branched

| i near or cycI ic al kyI bst i+t ugkeg i}(rils@sﬁ-t-uted—'phe /- Cl4
alicyclic group. MnonBrs© having &Rrucﬁ’urﬂe 1l may be prg}m\edsﬁ t he
reaction of a hydr oxystyr eni c

OIOR1
1
2R 2 . __R—OH

R -
R\l |_R talyst
3/ I\O/S<R3 caans
[0015] The present invention also includes polymers comprising a co-

polymer of at least one monomer of Structure 1 and at least one acid sensitive
ethylenically unsaturated, polymerizable monomer. The monomer contains a
masked alkali solubilizing group that upon treatment with acid, unmasks the
alkali solubilizing group. = Examples of such acid sensitive polymerizable
monomers include, but are not limited to, acid labile protected acrylic acid
monomers, protected hydroxystyrene monomers, and acid labile protected
norbornylene carboxylates



nmononer (e.g. hydroxystyrene) with a vinyl ether under acidic conditions or
using a al pha hal o ether under basic conditions. Specific exanples include,
but are not limted to 4-(1-ethoxyethoxy) styrene,

4- (1- et hoxy$idiQemist yrene,  4-(1-t-but oxyet hoxy) st yrenect/us2004/026979

4- (1-cycl ohexyl oxyet hoxy) styrene, 4-(1- cycl ohexyl et hyl oxyet hoxy) styrene,

4- (1- phenyl et hyl oxyet hoxy) styrene, and 4- (1-propoxyethoxy)styrene.
Alternatively and nore common, the nononer units formed from pol ynerization
of nonomers of Structure Il may inst Be formed after pol ynmeri zati on by
reacti on of hydroxystyrenic units in the polynmer wth vinyl ethers or vinyl

et her/ al cohol mi xturde under acidic ¢ tions as described in U S. Patent
No. 6,380,317 herei=K i nhcor por at ed :
| e

Structure 1V R14
is an acid cl eavab ot ecting group t

gener at eg~sarbaxyldie aci d when
cl eaved by acid. Rl4 may be C4.20 brapched or cycl f kyl O C2-8 |inear or

cyclic a-al koxy al kylgs Those skigPe Pthe art u ders and t hat exanpl es of
R14 substituents having tertiary carbpns or which constitute al pha al koxy
esters have higher acid sensitivitg £xanpl es of preferred R14 include

met hoxynet hyl , et hoxymethyl, tert- butﬁ tert-anyl; 1- methyl cycl ohexyl,

1- et hyl cycl opentyl 1- et hyI adamantyl, 1-isopr opyl i dene adamantyl, tetra
hyd rofu ranyl, etra ydr opyr any abl e exanpl eg, af . noners of
Structure IV incl uage tlBeu are not Ilg"rﬁ“% to, the net h%xyrrert\ﬂgl t- butyl,
1- net hyl adamantyl t-amyl, 1- |sopr opyl i deneadamantyl, and 1-

nethylcyclohex ) ylic aC|d [0019] This

i nvention al s% C(fi’gﬂén@l? r5'8 'f?g?s &%ﬁﬁfﬁ'@?ﬁ‘gﬁét | east one silicon

cont ai ni ng nononer of Structure |, at |east one acid sensitive

et hyl eni cal | y_unsat urat ed, pol zabl noner, and at | east one_ot her

et hyl eni cal | yl Wﬂgﬁt ur atBStr %Pe}gﬁ kzd%lab "&86’;9@& )P‘énﬁ'éa] K BFYPm 0B 0 9 WO
2005/ 022257 PeghbiSHORdd 03|§9|7% ol RIS NG Rerdel! RS GrtBPRiducs Of the

copolyner. Suitable nodif %ﬁrmnomsrs i ncl ude radical polymerizable vinyl
NONOMEr S suchhmgogqa;rme@wb@r trifpereamethylgredp. Ri ifyan @ciseeleavalile protesting s,

subst [ tut ed agp gt RS Eard e BER Weh BB, ot P 1] R o1 ec

branched or cyclic alkyl, C..5 linear or cyclic a-alkoxy alkyl. Those skilled in
the art understand that examples of R® substituents having tertiary carbons or
which constitute alpha alkoxy esters have higher acid sensitivities. Examples
of preferred R® include methoxymethyl, ethoxymethyl, tert-butyl, tert-amyl, 1-
methylcyclohexyl, 1-methylcyclopentyl, 1-methyl adamantyl, 1-isopropylidene
adamantyl, tetrahydrofuranyl, or tetrahydropyranyl. Specific examples of
monomers of Structure |l include, but are not limited to, t-butyl acrylate, t-butyl
methacrylate, 1-methylcyclohexyl methacrylate, tetrahydropyranyl acrylate, t-
amyl acrylate, t-amyl methacrylate, 1-methyladamantyl acrylate, 1-methyi-
hydroxyadamantyl methacrylate, t-butyl' trifluoromethylacrylate, and 1-
methylcyclohexyl! trifluoromethylacrylate.

[0017} In Structure IlI R® is selected from H, C4-C4 lower alkyl, CN, or
CH,CO,R™; R and R® are each independently selected from H, linear or
branched C,4-C4 alkyl, or halogen; R% is H, or branched or linear C;-Cq4 alkyl;
R'" is selected from substituted or unsubstituted phenyl, a substituted or

unsubstituted linear, branched or cyclic C4-Czq alkyl, optionally containing an



mononers include, but are not limted to, nethyl acrylate, nethyl
nmet hacryl ate, hydroxyethyl acrylate, nethyl vinyl ether, ethyl vinyl ether,
et hyl enegl ycol vinyl ether, styrene, t-butyl styrene, and hydroxy styrene.

[ 0020] Addl“t(? Qodhexanpl es of preferred nodifying nmononpepuddeBsndssat urat ed
cyclic anhydrides of Structure V, acrylic esters of Structure VI, or

al kenes of Structure VII Re RI6 X| -<~~= R18 0 0 O-Rl17 Structure V
Structure VietBer uat ester \groumpher eubstirtted iar #psubstituted | phesylalkyterter anched al kyl

or a linear Qr neh -4 . X ro 1 ) 3 linear
or branched gﬁ'%&@%‘?ogg,S’isruzbgt'&lk‘%ﬁeé?' g‘ﬁc%kg@&% gﬂper uo’?i nggéed al kyl
glr oup; I R17 : mdepéiide?fﬂlylsjetméd fror:nrl-ia,nmbador lurancl%&d 0rccw:lnkf1]1lcg,a famyL oEC;20
alicyclic a eSCl 0 lin ran clic ether group, or
a Cl-1o0 aro H 6 Egp aﬁdsé?%teps oM@ 1I“&U éh%i "3 o Cueliey flk¥st er |

al kyl car boxyutﬁbttlﬁjte@’rorhbfﬁgdﬁéﬂ{utéﬁ %Enyl[ W@}CW@W&@ GbuiRl SMoRBiese but
are not limted to, nethyl t hyl propyl, methoxy, ethoxy, and isopropyl.

Exanpl es of h@‘ﬂ'@ﬁr&@%ﬂ |Hgma$tb%|@@8éed/ byntheyeeactionitof 2 dydexystyranied t o,
mal ei ¢ anhyd I red R16
| ¢ anhy fg\'eﬂﬁr;%? (Sg' nh@ﬁ@ik&ﬁyr&%@%‘ S%in %li) Qﬁ?e?] tl’l* cBﬁdﬁ?ﬁﬁﬁf Bf

groups inclu prop oroet
trifl uoronet bsihg gr alphs haExathmlremdef bpslefcendledns Rmegrflolm@mpm umtbldlaydr ogen,

t hyl trifl R17 i | ude,
Dot ar e not | ProATE TRt st 18 Ban SRR Pstflancy () She B ifadhBifnbl o' U9
PCTI Uﬁ2304]{ 02@9—?~‘Bumbﬂgmy)slyreﬁe’cl o&&ﬂﬂ%&clo?}@ﬁ}kﬁ(yﬁﬁoxy;sﬂﬁ?ﬁet yl, 4-(1-

t et r ahydr of ur an ec ona en na roups.
Prefor 1 ed exavﬁf?@vt%hsﬂwe XSEN & 4yéﬁh§nvle®lﬂxaﬁ@msya%%§anﬁf
tetrahydr of U(ﬁﬂbb'{oox%th@ﬁ@&wéﬂe WI@HP&Neﬁxéﬁﬂ)'rﬁéreoEoﬁﬁﬂdrﬁQhé r'ﬁBH@r'ﬁSFS havi ng

Structure Vi ude, but are not limtéd to, nethyl nethacrylate,
adamant yl mguma:ioymgd dront pelygresizgtion of monomers of Structure 1l may instead be

formed after polymerization by reaction of hydroxystyrenic units in the polymer
with vinyl ethers or vinyl ether/alcohol mixtures under acidic conditions as
described in U.S. Patent No. 6,380,317 herein incorporated by reference.

[0018] In Structure IV R is an acid cleavable protecting group that
generates carboxylic acid when cleaved by acid. R' may be C420 branched
or cyclic alkyl, C,g linear or cyclic a-alkoxy alkyl. Those skilled in the art
understand that examples of R' substituents having tertiary carbons or which
constitute alpha alkoxy esters have higher acid sensitivities. Examples of
preferred R' include methoxymethyl, ethoxymethyl, tert-butyl, tert-amyl, 1-
methylcyclohexyl, 1-methylcyclopentyl, 1-methyl adamantyl, 1-isopropylidene
adamantyl, tetrahydrofuranyl, or tetrahydropyranyl. Suitable examples of
monomers of Structure IV include', but are not limited to, the methoxymethyl, t-
butyl, 1-methyl adamantyl, t-amyl, 1-isopropylideneadamantyl, and 1-
methylcyclohexyl esters of 5-norbornene-2-carboxylic acid.

[0019] This invention also concerns co-polymers comprising at least
one silicon containing monomer of Structure |, at least one acid sensitive
ethylenically unsaturated, polymerizable monomer, and at least one other

ethylenically unsaturated, polymerizable property enhancing monomer to



met hacryl ate, hydroxyethyl nethacrylate, phenyl acrylate, nethyl
trifluoronethylacrylate or naphthyl nethacrylate. [0023] Exanples of R18
groups include, but are not limted to, hydrogen, nethyl, ethyl, isopropyl,
met hoxy, etipx¥so238hyl carboxylate, ethyl carboxyl at epcpigods@bdbe.

Exanpl es of preferred R18 groups are nethoxy, ethoxy, nethyl carboxylate,
et hyl carboxyl ate, and acetate. Exanples of nononers having Structure VIII
i ncl ude, but madify nand | émhanse desirablepptopeadies Iofit ¥wee copblypieral cSuitable al | yI

acetate, vinyl aceti cid, . | winyl N i I Lyl ether.
[0024] Opti oﬁgﬁﬁwgfﬁ%"a%feﬁf& &r’@'?é r8¥'°?¥?%'%§b%%?'?§)ﬁ%rlr%o %ﬁ%'ta%/énUC%a di ti onal
si | i con cont atrpiategs, "onethacylatés)y iyl t atherssi Vinglonestery, aisubstitutedonamer nay be

enpl oyed as long as.it has a pol ynerizabl e double bond. ., Ex | es of such
sinPi cgn cont 4 St“r%(ﬁ%rfege? Pﬁﬂ‘ﬁd’é‘? 56t arfXAHICS | O péqjelirst?n#logl?ymg

al 1yl tri al kyhipnbaie, ncluasl t bliel kel shdtaiiedt bl iighiyl| Woryrbhamiiydt es_or
acrylates, «cyclic silyl nmethacrylates or acrylates, and POSS net hacryl at es

or acryl at esmethaseylaer Ldexyethy) -acpylates rpethyb Vi ethetf etbyl virgh edlgft ai ni ng
nononmers in t I S €y Vi ' ' t hacryl oxy
met hyl tri net %@p%ﬁfgh‘é& ng@yégie?gbtr %%?WHGQ %’[? ﬁ%@?@?ﬁ’&ﬁﬁs. | ane, or a
PGSS nol ecul e of Structure | X. 11 WD 2005/ 022257 PCT/ US2004/ 026979 19 0 R OS
* ] f -
/R0 RO {00%0?0 R2 A(%iﬁc’on$al gxazrgpleg 0of fplref%}rr%jd l?nol?lf%ng monomers are
unsaturated cyclic anhydrides of Structure V, acrylic esters of Structure VI, or

alkenes of Structure VII

R15 R16
r o O ——_\/R18
S ‘
o” ~o” Yo O 47
R
Structure V Structure VI Structure VI

wherein R is H, a C4.4 linear or branched alkyl or a linear or branched Ci4
alkoxy group; R'® is a hydrogen, a Cy.3 linear or branched alkyl group, or a
linear or branched Ci.; perfluorinated alkyl group; R' is a Ci. linear,
branched, or cyclic alkyl groUp, C720 alicyclic alkyl group, a Cs-y linear,
branched, or cyclic ether group, or a Ci.1o aromatic group; and R is a Cy.
alkoxy, or a C,.g alkyl ester, alkyl carboxylate, or hydroxyl group.

[0021] Examples of R' include, but are not limited to, methyl, ethyl,
propyl, methoxy, ethoxy, and isopropyl. = Examples of monomers having
Structure V include, but are not limited to, maleic anhydride or citraconic

anhydride.

[0022] Examples of preferred R' groups include hydrogen, methyl,
ethyl, isopropyl, trifluoroethyl or trifluoromethyl groups. Examples of preferred
R'® groups include hydrogen, methy! or trifluoromethyl group. Examples of
suitable R'” groups include, but are not limited to, hydrogen, methyl, ethyl,

10



[0025] In Structure IX, R19 is a hydrogen, a C1_3 linear or branched al kyl
group, or a linear or branched C _3 perfl uor| nated al kyl group; each R20 is
i ndependent |y a hydrogen, a Cl-20 |linear, branched, or a cyclic alkyl group,

a Cr7.20 a'vs’&%g&bﬁzs%)' kyl group, or a Cl_ 10 aromati c ar oper/uSiesdeEssd
exanpl es of R40O 1 nclude ethyl, propyl, iso-butyl, cyclopentyl, or phenyl.

[ 0026] The pol yner backbones of this invention can be prepared from the
cor r espondi neyotnhexyier scysjopamyls uiiseligireylc oradamantidal telsd furanyl,onor process

whi ch reacts t pﬁ*g tl ude,

but are not ?&Lk&éﬁa@ﬂlr&?é{%n Qﬁga pﬁtﬁ@gﬁé@&ﬁol e nﬁl p%ﬁs;cl)ﬁeﬁral zations.
Such processae tygthgial ethykar eydahexyh adabntght temnahyddoﬁﬁ'anyl, norx tnaphthysi ng a
catal yst or initiat I.nit shoul d be chosen baseqd .o h t enper at ure
o be” et oy@uP HEapRiPs fk ShiEkie BIMomre Re RO S iRy Heuds. Bupord he

boi I'i ng poi nhotoliniiteg &0! WMyl rMeedceye! adddrfarfiP histRacriRre, depaske,gn  t he

nononmer stability, and the catal ytic ability of the catalyst at the

operating t@ethacatalee thQ§9X¥9(i'éY'de€'éﬁ$b@f§V|ﬁ¥%n RRERY!| i AsnHater hemehivt i at or .
[0027] S“'taf?lklﬁoﬂo'?ﬁéth 5&,9%@9;1%‘?&@%&% Jlefe. bet ween about 0.001 to about
a I'es o

5.0 % noles of 1nitl or to tot mononer. The preferred range of
initiator concentration is between about 0.01 to about 3.0 % nobles of 12 WD

20051022257 8200 026979 i fsator to.t es of n The nost
preferred raﬁgébtj in )fazg'? P @ P eBnPFoé{psoﬁ"(i?LéoaeneggL %eal%EDI rﬁ:@ t8 about
2.0 % nol es wfdrogen, Irﬁémlyl fethyl, Q*s@;bropymh%ﬂwcﬁ(fy gwoRyEhethyDOABbxxRMBlHES Of

suitable free radical initiators_include, but are not |imted to, benzoyl

per oxi de, 2, 2arbayatesabdprgaiatsni IEP‘P'I"@'esZOprrefedﬁ%joBs( RERYBA P%eoﬁlﬁ'%"dm trile),
di met hyl 2, 2efh6?<)9’bhr%'trﬁip%?b/6)@¥a?e aQﬁ'\y| %leb%kdllateoeéﬁaxbg@(ateq’t 'E?('ﬁ?r{dléé oﬁ chain

transfer agent (€.g. carbon tetrabrom d - dodecanet hi ol ) éln
i ncl uded. [OooRopmMSrs thaving Stuctere ¥IH (thllpﬂﬁ ybrérargamtohmltedzlt@deropu €are not

acet oni tri | cote AP ARLatShbE N Vi SR %ﬁé"éﬁ@ﬂ”ﬁ&fn%%@hyﬂ'd % her

acet at e, tetmethydaly ethser,

[0024] Optionally, the copolymers of this invention may contain
additional silicon containing monomers. Any suitable silicon containing
monomer may be employed as long as it has a polymerizable double bond.
Examples of such silicon containing monomers include, but are not limited to,
allyltrialkylsilanes, vinyltrialkylsilanes, trialkylsilyl methacrylates or acrylates,
cyclic silyl methacrylates or acrylates, and POSS methacrylates or acrylates
(see Structure 1X). Preferred examples of silicon containing monomers
include allytrimethylsilane, vinyltrimethylsilane, methacryloxy
methyltrimethylsilane, methacryloxy propyltris(trimethylsiloxy)silane, or a
POSS molecule of Structure IX.
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met hyl ethyl ketone, nmethyl isobutyl ketone, and diglynme or any conbination
thereof. Polynmers may be isolated by precipitation of the polynerization
solution into an appropriate anount of solvent in which the polymer is

i nsol ubl e. wHsHs85,Pi tated polymer may be isol ated by pétisabdeeeend dried
usi ng conventional techni ques known by soneone skilled in the art. (0030]
The nol ecul ar wei ght (Mv) of the polynmer nay range from about 6000 to about
100, 000. A preferred nol ecul ar wei ght of the copolyner is fromabout 7,000
to about 60,000. A nost preferregdonol ecul ar wei ght of the copolymer is from
about 12,000 to about 30,000. The val ue of Mwv can be determ ned by such
standard net hods as gel per j on chromat ography as described, for

exanpl e, in Jan Rabek, Experine b Methods in Polynmer Chemstry, John

W | ey&Sons, New York, 1983. Th6 pol ydi spersity of the polyner nmay range
from1l to about 6. A preferredyolydispersity of the polynmer is from about
1 to about 4. A npost preferred pol ydi spersitg?%f the polymer is from about
1.5 to about 3. [0031] To functd on as g-pokymer for use in a chemcally
anplified resist, the polyner S .e6ntain%§ itable ratios of nmononer units
derived from nononers of StrUCtE%EE , aggﬁ,nghsitive et hyl enically
unsaturated, 13 WD 2005/ 022257 P 2004/ 0 79r¥ol yneri zabl e monomer such
as those nononers having Structure ®E IV, an §(Property Enhanci ng nononers.
[0032] Specifically the polyner nusj,jsgntaiyft @ sufficient anount of nononer
units derived fromthe nononmer havRng ructur&il_,esilicon contai ning
nononer) so that the imging | ayer can\act s/a bR rier for an 02 based
etch, a sufficient anount of an acid s itive ethylenically unsaturated,

pol yneri zabl e nonormer in order to swftch the solubility of the polynmer after
exposure frominsoluble to soluble in aqueous alkali, and a sufficient
anount of a property enhancing nononer to inpart the desired enhancenent to
pol ymer (e.g. hydrophilicity, Tg enhancer). Suitable amunts of any one of

t he monomer {00253 wi | | IntStnadtdredXe R big a hyelrogertyiac@) ; bmehr mnpsarchied @kyber t i es
of

group, or a linear or branched Ci.3 perfluorinated alkyl group; each R? is
independently a hydrogen, a C4.5 linear, branched, or a cyclic alkyl group, a
Cy.20 alicyclic alkyl group, or a Cy.1¢ aromatic group. Preferred examples of R%

include ethyl, propyl, iso-butyl, cyclopentyl, or phenyl.

[0026] The polymer backbones of this invention can be prepared from
the corresponding monomers by any suitable conventional polymerization
process which reacts an ethylenically unsaturated group. Such processes
inclu.Jde,' but are not limited to, free radical or controlled radical
polymerizations. Such processes typically are run in a solvent or solvent
mixture using a catalyst or initiator. Initiators should be chosen based on the
temperature to be employed in the polymerization, which in turn may be set
by the boiling point of the solvent. The temperature employed may depend on
the monomer stability, and the catalytic ability of the catalyst at the operating
temperature or by the decomposition half-life of the initiator.

[0027] Suitable initiation concentrations are between about 0.001 to
about 5.0 % moles of initiator to total moles of monomer. The preferred range

of initiator concentration is between about 0.01 to about 3.0 % moles of

12



t he ot her nonomer types. [0033] The polynmer nust contain a sufficient anount
of nononer units derived fromat |east one nononer having Structure |
(silicon containing nononer) so that the imaging | ayer can act as a barrier

for an 02 Rpgemseiesy. The % of the nononer required fopcithissookbdssiol on wil |
depend on the silicon content in the nonomer. The level of silicon in
copolyners is fromabout 4 to about 18 % by weight, preferably from about 6
to about 15 Witiajorntsi tHal medes ofenendmeson Thermest: pieferred rargee@f initidtopol ymer

Lypically DeCORRAROR s BYMNN AUt o 185 %Boﬂt?l.ob% ﬁ\@iééscgﬁﬂitifaﬂfr 3639 the
Property Enhancing nononer. e silrcon content derive romthe- nononer
of Struct ur emolessofgnemdredr.by t he i ncl usion of an additional silicon

cont ai ni ng nmonorer. [0034] The pol ynmer conprises fromabout 1 to about 50
nole % of the nonomer of Structure |I. A preferred content of the nonomer of

Structure 1 {0028 he paEyamples offsinablatfrad radicdl aniabee intflud® bt ave nbt nor e
preferred content of the nonomer of Structure 1 .in the polynmer is_from

about 15 to 4BBEd 350 noikaNZoy!l A REEXIQS: ef of PoBZUBIBRRUYISNItHIRe MEOMEr of
Structure 1 baoifitetRlsyBBErdriirl)OBRRMA 45-5RoRiestuHRa0had urd)pO35] The

[
pol ymer nust contain nmononer units derived froma sufficient amount of at
| east one acperoxigiesi tQptionally,rg chaindeansier ageat (g.6t earbon4eirgbreotidy op2257

PCT/ US2004/ 0 : j oner in order to switch the solubility of
SRR A 8

t he pol yner romirnsoluble to soluble in aqueous al kali. The
pol ymer conprises from about 20 to about 50% nol e % of nononer units

derived fro or r. cid sensitiv et hyl eni cal | nsat ur at ed

pol yner i zablnkﬁ#%l]oner s U'%b??)r“'@r"sﬂsg"af BB&M‘F? %{%’E‘idte éHF\?ﬁ P%@Hﬁ?q se from
about 25 to ghodibx@ie, Mtretydefuran Maaseitéteiiydestufan) racditonigits t toliemeaci d
sensitive, ethylenically wunsaturated, polynerjzable group. A nore preferred

P
pol yner conp8tiviacstate.nprapyiengpolysel mosrmetipiiietber asetatr uietrabydrmpyaner a
mononer  der i ¥eghi ) Ketorle® Atdthi 8ot ) kefSHES lahtd Vdiglyfic o S8y Edthbikation
unsat ur at ed, pol)i/r?e@épi zam ee'gr oug. Aﬁﬁ)llrmgt pr’e?‘er r%c\i p(r)k?(yﬁfeyr corrpos'?ti on wll
conpri se frothesgefut Polymersatmayt betdsolated by precipitation of the polymerization
solution into an appropriate amount of solvent in which the polymer is
insoluble. The precipitated polymer may be isolated by filtration and dried

using conventional techniques known by someone skilled in the art.

[0030] The molecular weight (Mw) of the polymer may range from
about 6000 to about 100,000. A preferred molecular weight of the copolymer
is from about 7,000 to about 60,000. A most preferred molecular weight of
- the copolymer is from about 12,000 to about 30,000. The value of Mw can be T
determined by such standard methods as gel permeation chromatography as
described, for example, in Jan Rabek, Experimental Methods in Polymer
Chemistry, John Wiley&Sons, New York, 1983. The polydispersity of the
polymer may range from 1 to about 6. A preferred polydispersity of the
polymer is from about 1 to about 4. A most preferred polydispersity of the
polymer is from about 1.5 to about 3.

[0031] To function as a polymer for use in a chemically amplified resist,

the polymer must contain suitable ratios of monomer units derived from

monomers of Structure |, an acid sensitive ethylenically unsaturated,
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nol e% of a nononer derived fromat |east one acid sensitive, ethylenically
unsat urated, polynerizable group, [0036] The pol yner nust contain nononer
units derived froma sufficient amount of at | east one property enhancing

nononer t o ywWobRkhbée desired enhancenent to the pol ynperds¥@dipieces® Of
pol ymer properties which may be enhanced include, but are not limted to,

hydr ophilicit adhesion, and plasma etch resistance. The concentration
of Property pEerﬁi@?ﬁ@ MABABRE SUFHas H@S@dﬁgm%é'rs hayng Styeture dnVagbdt 1 nol ar

% to about @, Mﬁnﬂérﬂ:ﬁni‘ho%ﬁ'ﬁs one Property Enhanci ng nononer. A

preferred concentration ange Is fromabout 10 to about 50 nole % A nore
preferred concentration range is fromabout 20 to about 45 nole % A npst

preferred c trati t 0._a , =% [0037] A
specific exim of agB?% @@eﬁ’eﬁé&wg% Fr%ﬁ?'tsne? P&g#‘eﬁg mﬁi Yot 0 about
50 nmole % rnmhcﬁio@n@:nhyﬁhttsd@emferdomm&babé hoPfomer afdirng 4®trucmﬁet3|%smcon

1,1, 3, 3- tetrarreth , 3-di %q% oxac cl ohexane car box LI C. a IIyI ester
(ACDS) - and cPRGHISG Ginopisy) 56 Tl e TaHOIRG Iy Sy cRarac g Yate (or

tert-butyl agsyddich) a ffEMMR PHREIROF 8A a@?@é@isﬂ.@cmﬁwﬁ@éu;ﬁ@ﬁwmm from
about 20%to about 45 mole % mal eic anhydride, from about” 15%to about 35

mle %1,1, QOB’mQEtZﬁHKPeFWPmPf:m @rdarita-switsh 4be colility 95 the pelbwwari afteici d al | vl

ester, and fg e (or
tert- butyl @nﬁ%@%%gé%ggaﬁhgﬁ%E%BO%%%G%%&%%# not her
specific ex@frpi_ @razﬁerty pnbammgadn@mnérytoemm}ihescwlreﬁr enhartoenten1 306 t 0 about
50 nmol e % mal ei ¢ nha[drg/ldde I'frto about P{;ot%%ot 40m)e% f

113, 3t ot PANBTELES: Y dRRicY o T8, e iR pne S0 Snbge o

[ 3-met hal | yltheeﬁtoenbn{dvm‘as,wmrm@ afffe@f@datkwmta chotit#l amdPpHyskAl pripertiéstafr t - but yl
met hacryl ate (or tert-but acrylate). A nore pref erred exanpl e copol yner

conpri ses fF'EﬁrP'zﬁ'Sﬁmon?mr){bo%out 45 nol e % mal ei ¢ anhydride, from about
15%to about 35 nmole % 1,1, 3,3-tetranethyl -1, 3-disila-2-

oxacycl ohexane-carboxylic acid [3-nethallyl ester (MODS), and from about
[0033] he polymer must contain a sufficient amount of monomer units

derived from at least one monomer having Structure | (silicon containing
monomer) so that the imaging layer can act as a barrier for an O, based etch.
The % of the monomer required for this function will depend on the silicon
content in the monomer. The level of silicon in copolymers is from about 4 to
about 18 % by weight, preferably from about 6 to about 15 % by weight. As
the silicon content is increased, the polymer typically becomes more
hydrophobic, which may be adjusted for using the Property Enhancing
monomer.  The silicon content derived from the- monomer of Structure |

augmented by the inclusion of an additional silicon containing monomer.

[0034] The polymer comprises from about 1 to about 50 mole % of the
monomer of Structure |. A preferred content of the monomer of Structure 1 in
the polymer is from about 10 to about 40 molar %. A more preferred content
of the monomer of Structure 1 in the polymer is from about 15 to about 35
molar %. A most preferred content of the monomer of Structure 1 in the
polymer is from about 15 to about 30 molar %.

[0035] The polymer must contain monomer units derived from a

sufficient amount of at least one acid sensitive, ethylenically unsaturated,
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30% to about 45 nole %tert-butyl nethacrylate (or tert-butyl acrylate)

[ 0039] Another specific exanple of a preferred copol yner conprises from
about 10%to about 50 nole % nmal ei ¢ anhydride, from about 10%to about 40
ol e % MCD§y §5 from about 25%to about 50 nole %tpgﬂuszda%%bw

met hacryl ate an fromabout 2 to about 10 nole % of t-butyl

met hacryl ate-co-3-(3,5,7,9, 11, 13, 15- hept aet hyl pent acycl o
[9.5. 1. 13’ 9.polymesizabie mpsemer 4n (osdernto1switch tbpcﬁgwblmtqfébewoaﬂ@er after

(et hacty! EldkBbsurb fRop insO)BRE fo BOIBHR' A SHuESATIMCE;.C TRE piRe@fiisees T rom

about 20% out el ¢ anhydri de, r om 0 about 35
mol e % MCD$roon aBomS20 &b about3 6084 mohb&’zuof e namies Wiits eleriveditfsdm woermcr yl at e

Copol yror s R0t e Bbarioald NEi=af el POl iEaBle, IR Ronc Thi e

phot or esi st peéfefred olyimertonipsitionr vl Icﬁmpﬁﬁe' fretn At @5 tplabbats0 ehoener at or
and a sui tabI e spin casti sol vent g sui tabl e phot id generator

compound mayPfhd [oBameR E’ﬁ&VedpkaRrBrégﬂg?St 'Pl SENSipYRf é’#?yg‘?f"‘fﬂ{dt oaci d

generat ors gjRafubRes, pSI?ﬁ\%ﬁ'@éblngr%Ut)f O fncR6i &éfen%d' b@l%fér CofR oA
photoaci d generators ~génerating sulfonic acids include, but are not limted

to, sul foni uil g@mpﬂa@ﬁpmb@ilwsto abeuhiia owle Yoot & monomies dariveshffomi alz onet hane

conmpounds, I t a geper at or
conpounds are {aose L"grg éxa/i’etq?ca% ﬂs%tg %g?éﬁplyﬁ'oeg%&% §{°§88,§78 and US
5, 468, 589, mdmtqinef&rredlpul;on@roccahpcnismm willncdmypnisef frormnatmut GShteratouit #abl e

phot oacid 16 V\Q 005/ 022257 PCT/ 004/ 0 6979 enerators ar | uor oal kyl

er.f
sul fonyl netPR8%s OaAd" YA TEL geRvad FPms e 8?13/?“ AfidgRensiiveg;e ?ﬂ%ﬂi‘ in US

Patent No. Whshtupitdd SSdlymengabi@grdped herein by reference. [0042] In regard
to oniumsalts, aryl YfOI’lI um and i odoni um sul fonates are preferred with

triaryl sul fonl um and di aryl iodonium sul fonates being nore preferred. The

R e R e s
suffi C|e¥1t amount of at least one property enhancing mon)gmer to impart the
desired enhancement to the polymer. Examples of polymer properties which
may be enhanced include, but are not limited to, hydrophilicity, Tg, adhesion,
and plasma etch resistance. The concentration of Property Enhancing
monomer in the copolymer may range from about 1 molar % to about 60 mole
% of at least one Property Enhancing monomer. A preferred concentration
range is from about 10 to about 50 mole %. A more preferred concentration
range is from about 20 to about 45 mole %. A most preferred concentration

range is-from about 25 to about 45 mole-%: -

[0037] A specific example of a preferred copolymer comprises from
about 10% to about 50 mole % maleic anhydride, from about 10% to about 40
mole % 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane carboxylic acid allyl
ester (ACDS), and from about 25% to about 50 mole % tert-butyl methacrylate
(or tert-butyl acrylate). A more preferred example copolymer comprises from
about 20% to about 45 mole % maleic anhydride, from about 15% to about 35
mole % 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane carboxylic acid allyt
ester, and from about 30% to about 45 mole % tert-butyl methacrylate (or tert-
butyl acrylate).
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napht hyl , or these noieties may be substituted by one or nore substituents
such as hal ogen, Cl1-4 alkyl, Cl_4 alkoxy, -OH and/or nitro substituents. The
aryl groups or substituents on each aryl group nay be the sane or different.

[0043] ThewaigeiloRssst he photoacid generator nmay be any pg/iudhbHozePhgani c
sul fonic acid anion, such as those derived by deprotonation from acids of

aliphatic, cycloali phatl c, carboxylic-aromatic, heterocyclic-aromatic or
aryl al i phatl [0038] f oni cArathers spetifiss éxamplensf aegreteéregiumqiymeé@ompnses

unsubstit ut eﬁ?ms f?% fd yt& ot 'S@artn%[é % n%?élé #ﬁ?&r@et %rﬁ%ﬂoﬂﬂ 160/3?5 d

derivati ves derivati ves su uted 1 n nel ghbori
posi tions toabdt 4@3pelet %ve, m,Bdegamemyl a,raedlsuraazwaeytloh‘ﬂxanpmasbwdylus uch

2Kyl Such AGOREMRYE v HACDES o Foreratious 3otk BARaHT Solmpl Mok o oy,
or n- propoxybgts, %thlaefylﬁ? f&r' teHEBLSI a{cﬂ?é@ The- I%Bfé’rbr@ferFébe dxapfppaci d

- gener at or nonova di val t he nonoval ent ani on bei ng
preferred. Th@QiYTBEEWIBdrIseﬂ)fﬁ@VIeﬂW 2@% t@rﬁb@tdérmol@d%f m@lﬂlfaap@)rdfldﬁl ly

fl uori nated peffd o at.ed iod,

sul f onat e anﬁ%rr?s eluggﬁ%%r etSpre era e I‘F £5]1WE§<’§ tEierﬁ sU| 9§L+<e oni um
sal ts i ncl udexadydlohekaneérearbokiic acidt p-methaillyp ety | (MCDERnandn flono rabdet
triphenyl sulfoniumchloride, triphenyl sulfonium .iodide, triphenyl

sul f oni um mes®%re about 6 ale % Iﬂ%h@MVPe@@FMﬂW (Fh teftrhuty| GSPWR18Y hanesul f onat e,

triphenyl sul foni um hexafl uoropropanesul fonate, triphenyl sulfonium
nonaf | uor obut anesul fonate, triphenyl sulfonium perfluorooctanesul fonate,
triphenyl sul0039] um phmthers spécificaesamplei pharreferead copnlymen campnges pheny |

ISDng; 822584/ Ogé&gg%dt}l fdg*%];t? ' r T%SEE{H%O?& R-f%?’o%:aaim QH%@%/%?QBZ?JH onat e,
:r! Prﬁgygérbbwgﬁmmwwmlﬁw&??} fr@tnr&bhyﬂﬁ%etnyébam l[s]pemiyle Yuteftoni um
t:: f1 uor onet H%E%F ﬁgﬁajé ffam@ﬁyfagﬁyl)ﬂbgﬁ 19 m %" of " t-butyl

trifluoronet Wﬂ&@ﬂ@ -8 345 1.9r1t1- 1814 5.hehas awl sul fon| um
trifluoronet Pganesg9f1gq15at7q: 4- et hoxyphen@llg- ﬁymﬁéﬁ sulfo

Jocta-siloxan-1-yl) propyl methacrylate (methacrylEthyI-
POSS). A more preferred example copolymer comprises from about 20% to
about 45 mole % maleic anhydride, from about 15% to about 35 mole %
MCDS or ACDS, about 30% to about 45 mole % tert-butyl methacrylate and
from about 3 to about 7 mole % methacrylEthyl-POSS.

[0040] The novel copolymers of this invention can be formulated into a
radiation™ S$é€nsitivé “photoresist composition incorporating any suitable

photoacid generator and a suitable spin casting solvent.

[0041] Any suitable photoacid generator compound may be used in the

photoresist composition. Preferred photoacid generators are those
generating sulfonic acids. Suitable classes of photoacid generators

generating sulfonic acids include, but are not limited to, sulfonium or iodonium
salts, oximidosulfonates, bissulfonyldiazomethane compounds, and
nitrobenzylsulfonate esters. Suitable photoacid generator compounds are
disclosed, for example, in US Patent Nos. US 5,558,978 and US 5,468,589,

which are incorporated herein by reference. Other suitable photoacid

16



trifluoromethanesul fonate, nesityl-di phenyl sulfonium
trifluoronethanesul fonate, 4-chlorophenyl-di phenyl sulfonium
trifluoronethanesul fonate, bis(4-chlorophenyl)-phenyl sulfonium

trifluoromgdapsesbdonate, tris(4-chlrophenyl) sulfoni UptT/US2004/026979
trifluoronet hanesul fonate, 4-nethyl phenyl-di phenyl sul fonium

hexaf | uor opr opanesul f onat e, bi s(4-net hyl phenyl) - phenyl sul foni um
hexaf | uor opr ggreTatons faneape}fluamakyusulmnyylmﬁbmpls and fpenfluaroalkyl sulfonyl

nexaf | uor opr BIARES8 ptsEmandn US TRl el P i Retnd s e oy

hexaf | uor opr iséreaceul f onate, nesityl - d| phenyl sul f oni um hexaf | uor opr opane
sul f onat e, 4-chl orophenyl -di phenyl sul f oni um hexaf| uor opropane sul f onat e,
bi s(4-chl orophenyl ) - phenyl sul f oni um hexaf | uor opr opane sul fonate, tris(4-

chl rophenyl ) (gd4bf oni U%h@d&ﬁ'tb‘@nﬁﬂﬁ @9%%@@uﬁf@ﬁ‘iﬁﬁﬁandﬁd®hm Blifshetesdi phenyl
sul foni um perfl uor ooct anesul fonat e, - et %mp enyl ) - phenyl sul foni um

per f | uor ooct ageRyafermeawith tftW'SSUJfOﬁ'E'ﬂhW ﬁ@ms}uo igrysivlfapnates being more
erfl uorooca f i
Berfl uor ooctg'%g&?ésaul-&%%m ‘cﬁﬂhﬁet Tgﬂép%eny@q 8 eny%‘sﬁﬁ%ﬁ?uﬂﬁn@y be
per f | uor ooct sutsstituiéd maulesubmmewlafyh gnbapgl,l ssah faenumsuhsbmem(mhenxdt ane
| f t | -d r f t :
S o GO B Sk POBRT Simch SOBH RS PR b oA
tris(4-chi roﬁﬁtﬁ*ﬂﬁéhalcfgdnf @, dpecﬁmect@Heambef At substitutmesyThe odoni um

hexaf | uor opr opane sultonate, hen i odoni um 4-net hyl p henal sul f onat e,
bis(4-tert- 8 Qﬂob'ﬁéﬁyﬁ)‘b%iﬂ%ﬁtﬁﬁﬂﬁaicgla@dmW&Mé’est[]ﬁsam%@ iffgrepl- tert -
but yl phenyl )i odoni um hexaf | uor onet hane sul fonate, and bis(4-

cycl ohexyl phenyl )i odoni um trifl uoronethane sul fonate. [00461 The choice of
sol vent for [09d43phot orEs snicroepdbe t phatoanid generatob manthea@nynsuitablec of

Ce S b SORBA W 15t MG " SLIRRPLIN 0 17 MELGBRRIERERT .
gener at or, aaclds bé alipheic| oyg:lam‘:liphatib, chrtmoxyltid-armatich betedobyeliciaesmaticsboul d

di ssol ve all altyna?iphatic sulfonic acids. These anions may be substituted or unsubstituted.
Partially fluorinated or perfluorinated sulfonic acid derivatives or sulfonic acid
derivatives substituted in neighboring positions to the respecfive acid group
are preferred. Examples of such substituents are halogens, such as chlorine,
and particularly fluorine, alkyl, such as methyl, ethyl, n-propyl, or alkoxy, such

as methoxy, ethoxy, or n-propoxy or similar substituents.

[0044] - - The~anion of the photoacid -generator may be monovalent or
divalent, with the monovalent anion being preferred. The preferred
monovalent anion is derived from a partially fluorinated of perfluorinated
sulfonic acid, with fluorinated alkyl sulfonate anions being more preferable.

[0045] Examples of suitable onium salts included but are not limited to,
triphenyl sulfonium bromide, triphenyl sulfonium chloride, triphenyl sulfonium
iodide, triphenyl sulfonium methane sulfonate, triphenyl sulfonium
trifluoromethanesulfonate, triphenyl sulfonium hexafluoropropanesulfonate,
triphenyl  sulfonium  nonafluorobutanesulfonate, triphenyl  sulfonium
perfluorooctanesulfonate, triphenyl sulfonium phenyl sulfonate, triphenyl
sulfonium 4-methy! phenyl sulfonate, triphenyl sulfonium 4-methoxyphenyl

17



conponents in the photoresist, should not undergo any chem cal reaction with
t he conponents and shoul d be re-renovable on drying after coating. Suitable
solvents for the photoresist conposition may include ketones, ethers and
esters, sugip anshBbdiy! ethyl ketone, nethyl isobutyl keppggsdagPbanone,
cycl opent anone, cycl ohexanone, 2-mnethoxy-1 -propyl ene acetate, 2-

nmet hoxyet hanol , 2-ethoxyot hanol, 2-ethoxyethyl acetate, |-nmethoxy-2-propyl
acetate, 1, stfqmtdidﬁphetmaméfoe'ttmI4-dd@10ahenylosulfpoetﬂ. vapbeny saudfonigmopy| ene

gl ycol m)noeth eth geetate, te. ethyl |actate I

pyruvat e, Iﬁ({% met hyl é“ﬁé&%@ %@F'é’ﬁ?'ﬁe&]ﬁe, et hyl u"gﬁ'hm/

3- met hoxypr omfloomtrmthéhesui‘bhaﬂe 2- pyr bis{4- nhettwlphbngl-)thenylne etdujfbrioen gl ycol
nonoi sopr opy] ..et her dle | ene gl ycol nDnoe et her, dieth Iene gl ycol
nonomet hyl {rﬂgprom%p%qwfeﬁ%tem ycol dltﬁé’[“h’)‘r/‘ﬁ REPY and t he SYTRBIUMDY of er r ed

sol vents ar etnﬂné:%yétﬁékees@ﬂfm@tb mononmgitextlbusi fhﬁ'yﬁ@@héﬁ)ﬂ 2- hepifeniore, and
ethyl lactate. é@in an additional embodi ment, base additives may be
added to th@'ﬂpﬁ@mﬁt egulfeBatgosi t i of: mq?l’i@xmheﬁbﬂs@PB?nX'he base/faalM i ve is
to scavenge éns'st'ﬁ n the phot huer to bei ngbhiafl ated by
the actinic r glltogﬁrc])%ﬁ Bh%ﬂeée pr event@égtﬁ)tlgtﬂé)khlé kd cl eavage o tuﬁg acid

| abi | e groupsiflogrométbanesidfenatabl e aci dg:hldrbmhesrwydlphenﬂam ng tsufopignt or mance

and stability..of th r esi I n additipn. - act f usi on-
control - ageﬁglu?r&"ber Q%‘?ﬂu"?’ﬂ%te acid PPK)%CWIO Fﬁzgpgﬁﬂf ar an?@@@h{

resol ution. frfigoReidRahcifondtebase in trl“se4-cbliﬁp1%n§/l)0n shoul dsutfenium
significantl 6_‘ | ower than the hot oaci gﬁ%’égﬁr ator or otherw se the

phot osensi t i FiflgroRetarasuf 863 ow. The pheny-AiphgaYls t he Sufgaim
conpounds, VhemfRbRRGHandsbifghadl 3% ﬁl@(m%/?r@}bh‘éﬁy%heﬁfll t he syrBRLARCI d

generator conpound. N trogenous bases are préferred. Suitable exanples of
base additi veexafiueroprapanesuifenaazol e, t dripdrinethylphgpwoni um  HEHfPBkNte,

tetrabutyl a enngé%ﬁ Gﬁ%n él i SOpEQMlbﬁmrﬁ}% Xﬂ?'gﬂéﬁgmyl allliBARkY1 di ne,

4, 4 dlamno 5tr| hen

1, 5- di azabi cyexai[uércﬂxrd;}arm 5- &uifenatand 14- Bwetﬂncawabemghdlim"[eﬁnyn O]suifdeicnV- ene.

19 WO 2005/ 0% §7 PCT/ U82004( 02§
exafluoropropane” sulfonate, meS|tyI diphenyl sulfonium hexaﬂuoropropane
sulfonate, 4-chlorophenyl-diphenyl sulfonium hexafluoropropane sulfonate,
bis(4-chlorophenyl)-phenyl sulfonium hexafluoropropane sulfonate, tris(4-
chirophenyl) sulfonium hexafluoropropane sulfonate, 4-methylphenyl-diphenyl

sulfonium perfluorooctanesulfonate, bis(4-methylphenyl)-phenyl sulfonium

perfluorooctanesulfonate, tris-4-methylphenyl sulfonium
perfluoroocatanesulfonate, 4-tert-butylphenyl-diphenyl sulfonium
perfluorooctane ~~—sulfonate; " 4-methoxyphenyl-diphenyl sulfonium

perfluorooctane sulfonate, mesityl-diphenyl sulfonium perfluorooctane
sulfonate, 4-chlorophenyl-diphenyl sulfonium perfluorooctane sulfonate, bis(4-
chlorophenyl)-phenyl sulfonium perfluorooctane sulfonate, tris(4-chirophenyl)
sulfonium perfluorooctane sulfonate, diphenyl iodonium hexafluoropropane
sulfonate, diphenyl iodonium 4-methylphenyl sulfonate, bis(4-tert-
butylphenyl)iodonium trifluoromethane sulfonate, bis(4-tert-
butylphenyl)iodonium hexafluoromethane sulfonate, and bis(4-

cyclohexylphenyl)iodonium trifluoromethane sulfonate.

[0046] The choice of solvent for the photoresist composition and the

concentration thereof depends principally on the type of functionalities
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[ 0048] The photoresist conposition may further conprise conventional
addi tives, such as adhesion pronoters, dyes, dissolution inhibitors, and
surfactants. A person skilled in the art will be able to choose the

appropri at g s6shhed additive and its concentration. [O0@4Pk 55@9026979
silicon-contarning polyner wll conprise fromabout 1 to B ut wt % of

t he photosensitive conposition. The photoacid generator wl| corrprl se from
about 0.2 tmmquiat@dvm ﬁieoécndhabwmmithé\mmmgwiemtor drk tiso| vent

bout | 08wt BRGNP Dn THE SAVERNEBROHCBE) B8y orrad IS Al dhe | v

coati ng. Thec@rﬁb@ﬁﬁtéﬁﬂh@rph@ior@ﬁl%t @Ralidatt uhi¥gd drgycheniiesl rehétiom wiiput 0. 01
to about 10 %by wei ght. [0050] The photoresist, conpgsitions are suitable

for a nunber therconpanestsand shild g r?ﬂ@'“@b’%@?roﬂrﬁr&'ﬁgle\ﬁ'&ﬂ§9?ty"g Fevitableanpl e, it
can be used g§vefh Frtﬁé’ 'tcﬂ’QSIE?%b osi%ﬁ‘srﬂﬁy hA0dé a&hGes, ﬂh&@r?r’icﬁs' st,

resist for the produ ctlo of printi [ates, resist for chemc mlllng
or resist inestass, mustuas mmhyifethvlnkefgnat eetiayl rigobuty, kathee p@ssiptanoneoat i ngs

and processin ongi tions t te er diggly.

[ 0051] The pﬁgctkgqe@gério[n can%é‘f'{%ﬂ&ﬁg a%ﬁ'ﬁlgﬁ"g&g &gP%bgtoag&ggﬁrtagg

Isyb_st rgte by mctisosyethaadi, @eﬂﬁkmﬁanolmaéthog/emwl mtenmmxwr@w not
imted to s coa spirt coa|n S ntin roller -coating,
screen pringi’%ét &%Puﬂﬂb%&é@@%e%%‘:&%ﬁ% E‘?J!QLSPL( %‘%ﬁealqﬁo R¥SRS ng, dip
coating, andglybHMR6SdSAYICUREA é&tatzhmmﬁdabeemylab@tefmétrﬁxaymb@te

sem conductor - materials such as a silicon wafer or a ceramc substrate

gl ass, met al ethyl aytuvate, gpethyhdmethgyynrepipnate, ethd 3(:6‘@!*?%9[%'%‘\%3@ range
[ b h
generally Coéﬁfm\éaéwgﬁdm q @H oxgnér r@tﬁy(lﬁﬁet %ll?&\g o8 Rgm fer the

coating oper sol'vent géner a he' dr yi ng
step i s typi divthyjere rghaol rrgoneetbpl @ethereotilstdwlenbabblcmheanmethybsatimr and

substrate ar ted ure 0 50 0 a_few
seconds to a 'S’E]'ly rﬁt')f?ﬁfe% @?e&h?ab?@éft@? ﬁ%%ut %&%é%@nggfv%tsaa} w

m nut es, deppm;hylwetylydohmohbhﬁmwemer dcbtatd) 2ahéptanenhes apdtetayldadtite. end use of
the resist. Any suitabl e baking neans 20

[0047] In an additional embodiment, base additives may be added to
the photoresist composition. The purpose of the base additive is to scavenge
protons present in the photoresist prior to being irradiated by the actinic
radiation. The base prevents attack and cleavage of the acid labile groups by
the undesirable acids, thereby increasing the performance and stability of the
resist. In addition;-the base-can-act as a diffusion-control-agent to prevent the
acid from migrating too far and lower resolution. The percentage of base in
the composition should be significantly lower than the photoacid generator or
otherwise the photosensitivity becomes too low. The preferred range of the
base compounds, when present, is about 3% to 50% by weight of the
photoacid generator compound. Nitrogenous bases are preferred. Suitable
examples of base additives are 2-methylimidazole, tetramethyl ammonium
hydroxide, tetrabutylammonium hydroxide, triisopropylamine,  4-
dimethylaminopryidine, 4,4’-diaminodiphenyl ether, 2,4,5-triphenylimidazole,
and 1,5-diazabiéyclo[4.3.0]non-5-ene, and 1,8-diazabicyclo[5.4.0Jundec-7-

ene.
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WO 2005/ 022257 PCTI US2004/ 026979 may be enpl oyed. Exanpl es of suitable
baki ng neans include, but are not limted to, a hot plate, an infrared
oven, and a convection oven. [0052] For the production of relief structures,

t he substra‘t&zogggztzgsq with the photoresist conposition peT/E%¥ReHREs®MMIEW Se.
The term'imagew se' exposure includes both exposure through a photonmask

containing a predeterm ned pattern, exposure by neans of a conputer
control | ed | E}048] beanThdipbotoresistwpstpasition may furthercompifset ¢amventinnad

substrate. CXRARVES Bion TRA0Bn00C ARMRL=C UELOdEd FRRCHiRoREAgRy and

exposure by neans of rays or a correspon [ 0053]
Radi ati on sosudadtantshiA persan dkilledsedhe artewithbe aﬂxbelta:elsoasiwﬂweeappropnmh ation

to which the hot d generat or ensitive. Exanples include high
pressure merf ?'{qu%l%t"’er@l‘—f@ﬁ??@nﬁlaﬁ Qrs, ArF excimer |asers, electron

beans and x-rays sources. The nost preferable radiation sources are KrF
excinmer |lasers and ArF _exciner lasers emtting |ight are 248 nmand 193 nm

respectivel yl0G48d54] Thee silisersontriring inpbmerh Wilk cOBPTisa dTQsm etk i oo of
relief str UE%Hut% W#fo‘?'il‘?ebé\%otbg&r{s‘d%scon?p%s sofn“rTt h&ééﬁ@%énﬁ%ﬁg%ﬁ

heati ng of t coat1 ng between exposure ‘and trea nt wt evel oper.
Wth the ai dcorrnpnsdmfrsnhebwtt@ @ato rahout SMb%obme"miMosmansmoenman

virtual ly cogpl et eactl f t aci h (o) resin
W th' e aci anganseat BARERS: fe ntfo@fitve TnebeloB e ride, Fa4e g
tenperature g0 oSt siout €98 AR Eddb@hdlngabnvﬂfey thm:kdmss Hesiesll [fomithe and
depend essent on the functgionalitie resin, the type of

al | N t
aci d gener at BL’OtQﬁén%W’q Reatindonc B COPFEIT Pntcﬁé%PZ'oB &gw&?n@ﬁy Jangge

exposed resi ghn %dm@@ﬁ{d%oﬁqu%%%,ém t enperatures of about 50C to 150C
for a few seconds to a few mnutes. The preferred post exposure bake is

fromabout 80C to 130C for about 5 seconds to 180 seconds. Any suitable

10055] Al t o T0RY o o P SHfChesiEl olisflonS aleE Ao RS AimBer'BH B & 7
exposed ar eadiffeferithesgshint theeslestrorice mcklstlyedquyexhrsalel ift ¢am benused as
electroplating resist, plasma etch resist, solder resist, resist for the production
of printing plates, resist for chemical milling or resist in the production of
integrated circuits. The possible coatings and processing conditions of the

coated substrates differ accordingly.

[0051] The photoresist composition is applied uniformly to a suitable
substrate by known coating methods. Coating methods include, but are not
- limited to spray coating;~ spin-coating, offset printing, roller -coating, screen
printing, extrusion coating, meniscus coating, curtain coating, dip coating, and
immersion coating. The substrate may be, for example, semiconductor
materials such as a silicon wafer or a ceramic substrate, glass, metal, plastic
or other organic film. The coating thickness range generally covers values of
about 0.1 micron to more than 10 mm. After the coating operation, the
solvent is generally removed by drying. The drying step is typically a heating
step called soft bake where the resist and substrate are heated to a
temperature of about 50°C to 150°C for a few seconds to about 30 minutes;
preferably for about 5 seconds to a few minutes, depending on the thickness,

the heating element and the end use of the resist. Any suitable baking means
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21 WO 2005/ 022257 PCT/ US2004/ 026979 an aqueous base devel oper to generate a
relief structure. Exanples of suitable bases include, but are not limted
to, inorganic alkalis (e.g., potassium hydroxide, sodium hydroxi de, anmonia
wat er), priwgdgs@ngies (e.g., ethylam ne, n-propyl am nggrusSReNsdady am nes
(e.g. diethylamne, di-n- propylanmne), tertiary amnes (e.g.,

triethylam ne), alcoholamnes (e.g. triethanolamne), quater nary anmoni um
salts (e.qg., maytheaseplgyedmioraruples o) sitatle daking: meaph ynchides hut aré et oxi de) ,
and mxtures 0 C n d wll vary

dependi ng onl"%]?&E as?ehoe{roq?at}%‘i@?ﬁ&ggﬁt éaﬂé bﬁﬁ?e%%d and the specific
base enpl oyed. The nost preferred developers are those contalnlng

tetranet hyl a i um hy |de TINAH) Sui b e concentrations, af . TMAH range
fr om about 1%&% about'g%'%e IPHO %IBPPF 6‘?1'9?3 YRS 8 7§ SuRstE i ﬁﬂ?tegfw'il;b _
surfactant cee pRotofksies éd?n;ﬁcmmondevekwsea intdyeide. Demed edieriinagawisee carried
out by neans of inmmersion, spray, puddling, or other simlar devel oping

met hods knowAXRQSUrd okEIugiRe | beth mppﬁerearthrouah PerpiitemaslesCaMapingbcut 10 C
to 40 C for t u t tation.
After devel og%g%%erﬁ&hezﬁ?gﬁl ef pata%{ggnbfrény s 6§%t(|%orblﬂfti8§/ c%{rf\@gg l/é\ln%t% a rinse
conpri si ng deeamnwhichl isvatoyed mvetlthe stmazoedofvtaemoatesbamﬂtmm@mnew@rbsm)r e

surfactants

ther sui t ablEoRB S SomRB o bR oAb hE o8 sp AR Exelult tuPafl b Ker .
carrying theraysrslV raysahioughisscayespoadihy nsaghj ected to at | east one further
treatnent step, which changes the substrate in areas not covered by the
phot oresi st coating. Typically, this can be inplantation of a dopant,

deposi tion OL 00%3pt her Radlgrdraéourees tvhﬁcﬁb!@ﬁ‘bea]%dobréall sbGrek8thatfentine
substrate. is is usually f wed b renoval of the re5|st coating

from the sub&gdiation t%whghatm;ph%tea@dsﬂmeﬁphgs spasitvRl. BEW%?S Maledeat i vel y,
the phot osenﬁ;gh S:%f@s&ﬂ%bﬁvqgm fKH*‘lach@Yf‘d%El'é)rArErEE%nﬁ@ 15585 0g&rd 2

mul til ayer re process o h undercoat. Ano '
beams and x-rays sources. The most preferable radiation sources are KrF

excimer lasers and ArF excimer lasers emitting light are 248 nm and 193 nm

respectively.

[0054] The process described above for the production of relief
structures preferably includes, as a further process measure, heating of the
coating between exposure and treatment with the developer. With the aid of
this heat treatment, known as "post-exposure bake", virtually complete
-~ == reaction of the acid labile-groups-in-the~polymer resin with the-acid generated
by the exposure is achieved. The duration and temperature of this post-
exposure bake can vary within broad limits and depend essentially on the
functionalities of the polymer resin, the type of acid generator and on the
concentration of these two components. The exposed resist is typically
subjected to temperatures of about 50°C to 150°C for a few seconds to a few
minutes. The preferred post exposure bake is from about 80°C to 130°C for
about 5 seconds to 180 seconds. Any suitable heating means may be

employed. The preferred heating means is a hot plate.

[0055] After imagewise exposure and any heat treatment of the
material, the exposed areas of the photoresist are removed by dissolution in
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22 WD 2005/ 022257 PCT/ US2004/ 026979 enbodi ment of this invention is a
process for the lithographic treatnent of a substrate by neans of a bilayer
resi st process that conprises: A providing a substrate, B. coating in a

first coat Wzo%&@%ssiai d substrate with an undercoat sobp{i@shoeb2se82ki Ng to
remove solvent, D. coating in a second coating step a photosensitive

conposition of this invention over the undercoat to produce a bil ayer
phot or esi st 38t agueous. basg, develgrendo eangiate 3 deief; steiclune. Examples @bi ng t he

phot osensi t | YG4a0Based inBRidBObt £8 ok ifted Ry, iifrganic RIASIES!, otk ki ng
a portion of the underlying undercoat visible, "G rinsing the bilayer
phot or esi st $ydiokideansodiumethyidroide, h@nvnenip| avaigideryradryi mnanesx(edg.zi ng

pl asma to pr bi_ elief | ] y i e_suypstrate may
be el oyed. Svipftes pREHlarifrh “SebdpR. tRps] (8L AdbRRRe R [ 0,

i ncl ude, but pegpylamiihe),i tertiary taminesb$é.yat edetbylamind)] caloohalhminesurfe.gcopper,
chromum nickel, gold, ferrous netals,. alumpgnum copper alloys, polyneric
resins, sili E!ﬁﬁh?i?og?PW@?' SHﬁt@H"’E'_VI Fropeniygm oﬁm e?e'gj’lﬁggaﬁ’@%mg%ﬁ?,nﬂ@! i con
_nitride silihg@oxida! SeithEfylddthbhidf - hyd?hddd)i dthd rhidlirds) Hapsdthi dene i ndi um
sel enide, indiumtin oxide, tantalum “polysi [ con, inorganic %asses,

ceram cs and can¢asyrationiof biage smpjeyaskwilegry deperding oal the| haseaplubiiiy 0é

Substrates o L i I uf ufacture
of other el ef(t:'%% Eﬁ'y;g%g%#%%érﬁf gﬂ%lrﬂgb %&%@f?ge%%%’%ia Fi rrsmogg Bterf%{e??dgoats are
typi cal | y spdevelapeérsf amrthoskveoritainingu tatanhethylamnmunidgror medrexide dfpMAHX | ons and
optionally b dsimlar|y.to a tosensitive coatjng to r e sol vent.
Bl it hi cleneSUghie, Fncanirbtertpr JMRN G308t iR Bire, Reb BB ¥

appl i cati on huditiegnemnalapprdptiage dmeuntabply siP@ctant can be added to the

developer.

[0056] Development can be carried out by means of immersion, spray,
puddling, or other similar developing methods known to those skilled in the art
at temperatures from about 10 °C to 40 °C for about 30 seconds to about 5
minutes with or without agitation. After development, the relief pattern may be
optionaily rinsed with a rinse comprising de-ionized water or de-ionized water
containing one or more surfactants and dried by spinning, baking on a hot

plate, in an oven, or other suitable means.

[0057]  After the development step, the substrate carrying the resist
coating is generally subjected to at least one further treatment step, which
changes the substrate in areas not covered by the photoresist coating.
Typically, this can be implantation of a dopant, deposition of another material
on the substrate or an etching of the substrate. This is usually followed by the
removal of the resist coating from the substrate using a suitable stripping
method.

[0058] Alternatively, the photosensitive composition of this invention

may be employed in a multilayer resist process over an undercoat. Another
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Angstrons to about 10,000 angstrons. Thi ckness of from about 1500 Angstrons
to about 5000 Angstrons are preferred. 23 WD 2005/022257 PCT/ US2004/ 026979

[ 0061] Any suitable filmformng organic material may be used for the first
coating (URH§LfSM2247aYer), such as phenolic resins, parpigigkildasovol ak
resins, polyimde resins, poly(neth)acrylate resins, or styrene-allyl

al cohol copol resins. Suitable undercoats have several required
characteristé g»odlrrrants:t this tievestion deiladproeessofor ibe lifograrhie teatreenttafea

under coat anggihoby mdRASE Adityd oSl Buobs: REhbenpsly el ovino a pol yie!
not sol uble TH 1 % Stosensi t1ve Conpos tTon cast ng sol vent or by casting
a filmof undercoat and crossl | nking it to reduce solubility in the

phot osensitive c 'gposi td'd.on g i,ng solvent. The crosslinking my be

thermal Iy or photocREWYY APUORYYEced and may be done during the baking step
to renove castingBsebatidfine firsi toaAINg &y §di¢ sabstrate Withngn esdértoatphot ochem cal
and thermal crosslinking undercoats may be found in US Patents Nos. US

6, 146, 793, US 6, 05459HON, Us 6, 323,287, and US 6, 165, 682, US 6, 108, 808 and
those based upon ghgakifh 36 lasVesdifedtS Patent Application No. 60/552, 489,
hereby incorporated by reference. [0062] A second characteristic the
undercoat | ayer sBogbatingina secondsopting:sler a Rhateeensifivesiesnprasitigniaie devel oper

empl oyed 10 Torm noull i lRGR ol Int UBRRLARSASALS'S pRATRSRLIGiEget A L1 O

characteristic the undercoat rayer PRSHa- et
resistance to a pl astagkf o etch the substrate. In add|t| on, the opt| cal
(n, k) paraneters of an underca should b opti mzed for the exposure
wavel ength and ph'gt GERRMY ﬁ'\‘?eb @Mﬁb’@éf 'enpl oyed so as to mninize

reflections. [0068] deosibping ,the;sn@t@sétgsméeo&ﬁmnm gattlon oftetlalée
phot osensitive conposition of this invention while on the overcoat is

substantially the saﬁﬁtor%Stcﬁtﬁcéf raakfeg ARostionsofthe 4ndgEYng Medercophiki ng t he
photoresist filmafy, oating to renove solvent and drying the bilayer

tble,©
stack after rinsing % descri bed previously) are preferred optional steps
option in this pchggslng the bilayer photoresist stack, and

H. etching the visible undercoat in an oxidizing plasma to produce a
bilayer relief image.

[0059] Any suitable substrate may be employed. Examples of suitable
substrates for use in this invention include, but are not limited to, substrates of
silicon, aluminum, copper, chromium, nickel, gold, ferrous metals,
aluminum/copper alloys, polymeric resins, silicon dioxide, doped silicon
dioxide, silicone resins, silicon _nitride, silicon arsenide, gallium_arsenide,
indium phosphide, indium selenide, indium-tin oxide, tantalum, polysilicon,
inorganic glasses, ceramics and alloys, nitrides, or oxides of the metals listed
above. Substrates of the type utilized in semiconductor manufacture or

manufacture of other electronic components are preferred.

[0060] Films of undercoats are typically spuh cast from solvents
suitable for photoresist applications and optionally baked similarly to a
photosensitive coating to remove solvent. Film thickness of the undercoat will
vary depending on the exact application but generally range from about 800
Angstroms to about 10,000 angstroms. Thickness of from about 1500

Angstroms to about 5000 Angstroms are preferred.
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[0064] After arelief image is fornmed in the photosensitive conposition,

the substrate is placed in a plasma-etching environnment conprising oxygen.
Treatment with the oxygen plasnma etch is continued until the undercoat is 24
WO 2005/ 02385 7005620~44S2004/ 026979 renoved in those pl acepcywigicasbaerot op
coating has been renoved by aqueous devel opnent. Conditions such as etch
gas conposition, tinme, tenperature, and pressure, wll depend upon the

equi pnent enpl oyed. The silicon in the nonomer of Structure | fornms silicon

divox de. wherjoBgRpoCd by laBY ARG BrgBR, ABlehaP YRk 4 skl Tor et coat

from bei ng sot ayer structure 1I's Tormned. 065]
After the oxfirgkeoogtingsfundsteoat Iayee) &iulobtasapbemx}sllcrmsm@ pHEllcblarlayrmvolakel i ef

structure is genera ubj ected t 0 t on. furth tep,
whi ch change Y‘ﬁe pg[yﬂﬁplse %ﬂhé( q‘?) iaigerleé'(ﬁ]s ftr ﬁgreb aiyy/lns | ng.
Typical l'y tm@owﬁ\erbesingplsa.mbate @muaéoasd@persbve'demlrbucumaeéctamther

material on_the substrate or etching of the substrat After-this further
treatment stidpt thefe %’Pﬂ‘-l‘i'ebepr"@t Hﬁ?r”\%é'"ﬁog?t?"’ﬁ&n é‘er é‘ﬂ‘g@ré"'ﬂaﬁ‘ @B @sStsubstrat e

by removal vGERerlly $his Ak BeSddHidARAr b)g"én#ﬁfoﬁﬁg?‘%”ﬁo@ﬁl@f M@t sBfub®l inMHech the

entire process 1s " repeated, If needed, produce” further structures onto
t he substr at@otqme}remmsgmncastmeamam or yreastingra files of UB@QFCDﬁt det ai |

' 1- d car bet o SRRy 5F o AORERE RollBHon, e Hibidkentsd Miisticfons
[ 0067] Reactgastingesdieeht. ciTheSer@&@slinkingo@ay (bé tharrhbllyt COpHaBREHemically
induced and may be done during the baking step to remove casting solvent or
in a separate step. Examples of_photochemical and thermal crosslinking
undercoats may be found in US Patents Nos. US 6,146,793, US 6,054,248,
US 6,323,287, and US 6,165,682, US 6,108,808 and those based upon the
disclosure in' US Patent Application No. 60/552,489, hereby incorporated by

reference.

[0062] A second characteristic the undercoat layer should have is
resistance to the aqueous alkaline developer employed in forming the image
in the photosensitive composition. A third characteristic the undercoat layer
should have is good plasma etch resistance to a plasma to etch the substrate.
In addition, the optical (n,k) parameters of an undercoat should be optimized
for the exposure wavelength and photosensitive composition employed so as s

to minimize reflections.

[0063] Coating, exposing, developing and rinsing the photosensitive
composition of this invention while on the overcoat is substantially the same
as on a substrate as described above. Baking the photoresist film after
coating to remove solvent and drying the bilayer stack after rinsing (as

described previously) are preferred optional steps option in this process.

[0064] After a relief image is formed in the photosensitive composition,
the substrate is placed in a plasma-etching environment comprising oxygen.

Treatment with the oxygen plasma etch is continued until the undercoat is
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/\ a - CH Na+ Et OOC COOEt diethyl carbitol EtOOC diethyl carbitol 0 To a
dry 11- 3-neck round bottom fl ask equi pped with a refl ex condenser,
addition funnel and a N2 gas inlet was added di (ethyl enegl ycol) diethyl

et her (d| itol) (650 nmL, 590.85 g). To the sobyp m@,gded
sodi um hydr ?05/@%980 g, 1.20 nol) under a N2 at rmspherg l%gzr?d X

suspensi on was 25 WO 2005/ 022257 PCT/ US2004/ 026979 cooled to -5 C in an
i ce/ wat er baremoved tméh@smlpabe&uwper&sitm topsceatimgd hadi bedty Iremavedhatye (192. 00

, 1.20 I i
guanti tymc))f )?-@jegj&g ?g"él gg ?gwﬂgﬂ %ﬁdagtn &gh 8‘?£ Cﬁbqu‘g%{&rﬁ {rﬁrﬁgleonat e
was conpl et etﬁmﬁRatﬂrtsMpmesmmdmmdeMdt gpahn tHeeanuupmbnt employearheTrfeeact i on
! e MR e ol St D SEERGHGE Whgh ofposdl BTS¢ ©°
bi s(chl or On%*vgbht;ﬂéérﬂﬁﬁirfayih@ Biotévta e (RSt ﬁemobeﬁn@@tdhe‘aVQi tata M nute

period through the addition funnel. The reaction m xture was then heated to
112-115 C, abitayst relief sigusture iséermasied under a N2 at nosphere while the
reaction was nonitored by GC. After 20 hr, GC showed that a trace anount of
bi s(chl oronet hyl ) -tetranet hyl di si | oxane remai ned (retention time: 11.5
mn.). The [9086Lr e welsfter dbé edygen plesmmatstem eheatsubstrateccartyingrihet hilagemas
transferred

arator fun 0Q, ni. tate were
added, and trﬁhef fe 'S gﬁégra%é é’?ﬁéﬁa@eﬁg ?eﬁ% qﬂ’itgﬁg?}egﬁ?'%\/\gt SPext ract ed
Wi tE et hyl \aﬁlehaér%r@éQQhétédubs&até trhere‘atsnbotnedve@égabv mdhiwayeg m@g.ggvvams_)hedTh
with water X and saturate eous, sodi.um chl ori de e
organic | ayeyriGaly tg@p%é’h %df“pléﬁﬁmpﬂé &Rﬂa”&c@pﬁsé'% ?’@Wéﬁg@é'?hg a
rotary evapgy #dsubslidte bEBRhNG S tﬁ@lsubstpa‘tewevmgLfmusiér&rédtﬂneﬁt §tgpy enove
the di(ethyl eneglycol) diethyl” ether . C@8 he sol ution

was concent thgteniire @rczateo;tmeatvoameggmeWV%l}z?o@ the selbatu@tech)sr eIF_n°V@CWdh & he crude
CDS_E sol uti g8 Bk NG9 bl " ShERL! 85hihd, Miter: WhicH tRe )entl-rrg'eprﬁi?ééét ion of the

repeated, if needed, to produce further structures onto the substrate.

[0066] The present invention is further described in detail by the
following examples.

MONOMER SYNTHESIS EXAMPLE 1

Synthesis of 1,1-dicarbethoxy-3,3,5,5-tetramethyl-3,5-disila-4-
oxacyclohexane (CDS_E)

[0067] Reaction method:
k \ /\ Cl
s' / Et0O0C COOELt
- Et00C \0 \
a .
Na+
Exooc/\coos > o >
dlethyl carbitol Eto0C dlethyl carbitol —Si [y —
/ o7\

To a dry 1L 3-neck round bottom flask equipped with a reflex condenser,
addition funnel and a N; gas inlet was added di(ethyleneglycol) diethyl ether
(diethyl carbitol) (650 mL, 590.85 g). To the solvent was added sodium
hydride (28.80 g, 1.20 mol) under a N, atmosphere, and the suspension was
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crude product was used in the next reaction w thout further purification.
MONOVER SYNTHESI S EXAMPLE 2 Synt hesi s of

1- carboxy-3, 3,5, 5-tetranet hyl - 3, 5-di si | a- 4- oxacycl ohexane (CDS) [00681
Reacti on mggdamsexsss VWO 2005/ 022257 PCTI US2004/ 026979 Et pPausseediaesso HC
acetic acid 1l I -SI~IN Si To a 1L 3-neck, round bottom flask equi pped with
a reflux condenser, thernocouple, and heating mantl e was added t he crude
sol ution of @ofedto +87QM &) icerwatendadivl 1a thencorled stigpersion sascaddsidd (500

m., 524.50 %e@?ﬂmaﬁ%@{ﬂ‘é?@b%%%(gn@]rﬁgml’i&gwﬁﬁﬂo h the'§adftigh Wiknefas then

heated to 11 a rrre i e reaction was nonitored by
GC. After 20UAUTEON: hiangel qubatity af IH.cjast iseevetvedt)i Mgherather additidradf theen

consuned. A distjl 1l ati on head nd .,condenset s,attached and 1 of

sol vent was ‘SE%M(/@H%Q?PG ‘ﬁ??fﬁgm&l?'p‘ﬁﬁISH§%‘=(ﬂsé9n\A€‘ﬂ%ﬂ’rW§é: @_C%éé Sgb'é?r_gd to room
t enper at ur e, TN ebactivh hikture Ws! ghtéd t@ 801 “CCaM@ sBfringaivBs \Whtisuekit fof 3ong for 30
m nutes gave a white suspension. The suspension was filtered and the solid

was dried ur@utesyagluudl at’CaoTe ithe BolWiono i R0 cils evassothgn saidedr om t he
(DNEO dg): B CRofSRERY e ARACHLE! RTEGED. imdh B’ & §Hhits, M
2.45(1H, m ,perzdotbroygh He additionVoNORER hSYSAEIKS) SiRMANVAAE tBersyratedsios of
b 3 oL L AN ol gL G Ga Bl R AIA ] BibYLirre AL ! V! ester

reaction was monitored by GC. After 20 hr, GC showed that a trace amount of

bis(chloromethyl)-tetramethyldisiloxane remained (retention time: 11.5 min.).

The mixture was cooled to room temperature and the mixture was transferred

to a separatory funnel. Water (500 mL) and ethyl acetate were added, and the

organic layer was separated. The aqueous layer was extracted with ethyl

acetate (400 mL), and the combined organic layers were washed with water

(2 x 500 mL) and saturated aqueous sodium chloride (500 mL). The organic

layer was separated, and the ethyl acetate was removed using a rotary

evaporator. The remaining solution was vacuum distilled to remove the

di(ethyleneglycol) diethyl ether (b.p. 70 °C @ 8 mm Hg). The solution was

concentrated to a final weight of 182 g of crude CDS_E. GC of the crude

CDS_E solution was obtained (retention time: 15.2 min.). The solution of the

crude product was used in the next reaction without further purification.

MONOMER SYNTHESIS EXAMPLE 2

Synthesis of 1-carboxy-3,3,5,5-tetramethyl-3,5-disila-4-oxacyclohexane
(CDS)

[0068] Reaction method:
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27 WD 2005/ 022257 PCT/ US2004/ 026979 OOH O~-O-\ SOH -Si~ Si- 0 CDS PTSA

Tol uene ACDS To a 250 nL round bottom flask were added CDS (19.5 g, 89.3
mmol ) and toluene (125 nL). To the m xture were added allyl al cohol (15.5g,
267.9 mmolwo #soR2470! uenesul foni ¢ aci d nonohydrate (0. Bopushodesydi C
amount). The flask was fitted with a Dean-Stark trap and a refl ux
condenser. The solution was then heated to r%fl ux the solvent (-115 ¢, and
heati ng was continued wuntil no further water Ml ected in the
Dean-Stark tr&9PQC 3 GPPEt After 3 hr, GC showed {hat all starting materials
were consumed. The\ym xture was cooled to roomt¢nperature, and the m xture
was transferred 500 nL seHQ’fat ory funnel. t ol uene sol ution was
washed wi th satyrated|aqueous, .HNahiGys3 (2 x 12% nl) and saturated aqueous
sodium chl ori_de & 125 ¢.). The organic | ayer—gas $ arated and dried over
MySO4. The mixtureqgwds\filtered and the fil rate”was concentrated on a
rotary evaporator to renvove the toluene. The remaining |liquid was vacuum
distilled to give two fractions. Fraction one (b.p. 86 C@3 mm Hg)

contai ned the desired product contamnated with a small anount of

by- product (ToOag)L 3rhecksemond botkarhi task eQuipped®2wi@@a8 refludggondenseri ned t he

(001 ) 75" olfgrmogupie. i PeplingmaiEis 8o T ShusfERonisiol G E 55 4 s
(2H, d), 5.1%82.00-¢)0To2He siltionowBrd ddded BketidVBRIINBBO HINT6RH6E dPEdLE 4

Synthesis of 1,1,3,3-tetranmeth 3-disil a-2- oxacycl ohexane-car boxylic

, 3,3 _ -1 ) 0
acid but enyl h)édf?@*ﬁb(“B@Q‘g)U[z@(ﬂ'g] 15 80+ T MixHFRoWas then heated to 116 °C,
and stirred at 116 °C while the reaction was monitored by GC. After 20 h, GC

showed that all of the starting material had been consumed. A distillation head

and condenser was attached and 191 g of solvent was removed at
atmospheric pressure. The mixture was cooled to room temperature, and
further cooling in an ice/water bath while stirring for 30 minutes gave a white
suspension. The suspension was filtered and the solid was dried under
vacuum at 40 °C for 16 h to give CDS 62.80 g, 48% from the starting
bis(chloromethyl)tetramethyldisiloxane) as a white solid. 'H NMR (DMSO-ds):
§-0.1- 0.2 (12H, m), 0.85 - 0.9 (2H, d), 0.95 - 1.0 (2H, d), 2.45(1H, m), 12.05
(1H, br).

MONOMER SYNTHESIS EXAMPLE 3

Synthesis of 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic
acid allyl ester (ACDS)

[0069] Reaction method:
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28 WD 2005/ 022257 OOH CH I | PTSA Tol uene PCT/ US2004/026979 O /Si\o Si- /i
10 \ CDS BCDS To a 100 nL round bottom flask were added CDS (5.00 g, 22.89
mmol) and toluene (30 nL). To the m xture were added 3-butene-1-ol (4.95 g,
68. 7 mol wendseniw! uenesul foni c acid nonohydrate (0. 2pgr/uSRbad24d70C
amount). The flask was fitted wwth a Dean-Stark trap and a

refl ux condenser The_solution was then heated to. reflux the solvent (-120
C), and heatlng s AMtinued until no further wat | | din the
Dean-Stark trap (-8 hr). After 3 hr GC showed that alfl starting terials
were consuned. Them xture ma/s/bogl/ea to room tenperatjure, and the mxture
was transferred 50 nL eparatory funnel. The e solution was
washed with sat yrated aqueous NaHCO3 (2 X 30 nm.) an rat ed aqueous

sodi um chl or ide§( 50 ndj)}— The PTo¥Ayafléenaayer was at ed gand dried over
MyS04. The i xy/ur @%flltered and the filtrate \yés\@/cmtrated on a
rotary evaporator to renmove the toluene. The remai'ning |iquid was vacuum
distilled to gl\elé %V\D fractions. Fraction one (b.p. R¢pH C@2 nm Hg)

cont ai ned the deésPPed product contam nated with a small anount of

by- product (1,0-g).-The second fraction (b.p. 95-97 C@2 nm Hg) contai ned
t he desi red product BCDS (7.4 g, 40% vyield) as a colorless liquid. 1H NWMR

(50T, S oD B s ok ok pelion G 7 Riklag = °
SYNTHESI S EXéNMdne 6125 mL). To the mixture were added allyl alcohol (15.5g, 267.9
mmol) and p-toluenesulfonic acid monohydrate (0.2 g, catalytic amount). The

flask was fitted with a Dean-Stark trap and a reflux condenser. The solution
was then heated to reflux the solvent (~115 °C), and heating was continued
until no further water was collected in the Dean-Stark trap (~3 hr). After 3 hr,
GC showed that all. starting materials were consumed. The mixture was
cooled to room temperature, and the mixture was transferred to a 500 mL
separatory funnel. The toluene solution was washed with saturated aqueous
NaHCO; (2 x 125 mL) and saturated aqueous sodium chloride (125 mL). The
organic layer was separated and dried over MgSQO4. The mixture was filtered
and the filtrate was concentrated on a rotary evaporator to remove the
toluene. The remaining liquid was vacuum distilled to give two fractions.
Fraction one (b.p. 86 °C@ 3 mm Hg) contained the desired product
contaminated with a small amount of by-product (1.0 g). The second fraction
(b.p. 92 °C@ 3 mm Hg) contained the desired product ACDS (18.8g, 82%
yield) as a colorless liquid. 'H NMR (CDCls): 6 0.0 - 0.2 (12H, m), 0.9 - 1.0
(4H, m), 2.65 (1H, m), 4.55- 4.65 (2H, d), 5.15 - 5.20 (2H, dd), 5.9 (1H, m).

MONOMER SYNTHESIS EXAMPLE 4

Synthesis of 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic
acid butenyl ester (BCDS)

[0070] Reaction method:
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Synthesis of 1,1,3,3-tetranethyl-1, 3-disila-2-oxacycl ohexane-carboxylic

aci d vinyl oxyethyl ester (CDSVE) [0071] Reaction nmethod: 29 WO 2005/ 022257
PCT/ US2004/ 026979 0 OH O Cl O-O Oxalyl chloride \ S\ rle[nylanme -Si /S\ O
O O CDS CD@\Nj20840222200 nL round bottom fl ask were addedp&Pbsfodfo208d99, 73. 2
mmol ) and tetrahydrofuran (160 nL). The m xture was cool ed to OC under N2
and 6 drops of dinethyl formam de was added to it. To the m xture was then
added 23.25g, 983. | of oxalyl chloride thro ddjpttqn nnel .
Wien all of the oxalyl chloride was _added, the m xtfre was waried to room
tenperature. Then the m'xtWrred at roomtenperature for
additional 1 hr N2. anal ysi s shoyed t hat starting material was
consuned, and then the m xt rg V\ﬁé concent r at ed acuumusing a rotary
evapor at or. 456sin 9fs.—'FHE ¥e¥hd the mi f e —cool ed to OC under
N2. To the coo/ea‘Omk\ture was then added 22.45g of\or/iév*\hyl amne (219.1
nmml ) through an addition funnel over 15 mins. 9.68g of ethyl eneglycol

vi nyl ether vvasdd@n sl ow y added through the addi tBGDSfunnel . After the

et hyl enegl ycol vinyl ether addition was conpleted, the m xture was stirred
at OCfor 5 mins. The mxture was warnmed to room tenperature under N2 and
the stirring was continued for 18 hr. To the suspension were added 150 ni

of wat er andrdalio0aLdouRd MoktorfrRaskt Were TaRicd DS . omg bpeo hfmelsdrrred to a
500 nL separatory funnel . The or)aanl c layer was washed wi th saturated

aqueous NaHdoweps (30 md)nlTp Hied Mpguter Meer) a&&ﬁéo@'@“&@ﬁ'm éhi©8r 9.068(775 nL) .
The organic ﬁ?ﬁ?r?qq"??cgtﬁgﬁ&r@ﬁ)ﬁfé 256 nfnbRgkrate o0 MySAtalytidCarib ity [henes

filtered an
flask was fitted with a Dean-Stark trap and a reflux_condenser. The solution

was then heated to.reflux the solvent (~120 °C), and heating was continued
until no further water was collected in the Dean-Stark trap (~3 hr). After 3 hr,
GC showed that all starting materials were consumed. The mixture was
cooled to room temperature, and the mixture was transferred to a 250 mL
separatory funnel. The toluene solution was washed with saturated aqueous
NaHCOj; (2 x 30 mL) and saturated aqueous sodium chloride (50 mL). The
organic layer was separated and dried over MgSO,4. The mixture was filtered
and the filtrate was concentrated on a rotary evaporator to remove the
toluene. The remaining liquid was vacuum distilled to give two fractions.
Fraction one (b.p. 94-95 °C@ 2 mm Hg) contained the desired product
contaminated with a small amount of by-product (1.0.g).- The second fraction
'(b.p. 95-97 °C@ 2 mm Hg) contained the desired product BCDS (7.4 g, 40%
yield) as a colorless liquid. 'H NMR (CDCls): 8 0.0- 0.2 (12H, m), 0.9-1.0 (4H,
m), 2.5 - 2.55 (2H, m), 2.65 (1H, m), 4.1- 4.15 (2H, t), 5.0 - 5.1 (2H, m), 5.8
(1H, m).

MONOMER SYNTHESIS EXAMPLE 5

Synthesis of 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic
acid vinyloxyethyl ester (CDSVE)

[0071] Reaction method:
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was concent
remai ni ng |

rated on a rotary evaporator to renove the toluene. The
iquid was vacuumdistilled to give two fractions. Fracti

on one

(b.p. 93-96 C@2 nm Hg) contained the desired product contam nated with a
smal | anougly fbsdy¥sproduct (3.18 g). The second fracti opct/Bsives/ 37405 C@ 2

mm Hg) cont
2005/ 022257
(12H, m, O
(1 H d), 4

ai ned the desired product CDSVE (7.0 g, 50%yvyield) as a
PCT/ US2004/ 026979 colorless liquid. "HNWR (CDCI3): 80
.9 -1.0 (4H, m, 2.60 - 2.65 (1 H m, 3.60 - 3.65 (2H,
.3- 4.4 (2H, t), 6.5 (1 H m. MONOVER SYNTHESI S EXAVPLE

30 WO
.0 - 0.2
t), 3.9

6

Synthesis of 1,1,3,3-tetranethyl-1, 3-disila-2-oxacycl ohexane-carboxylic

acid (3-net

hal ¢y ®ster (MCDS) | ¢ Reacti on met hdt

Tol uene CDS MCDS To a 250 nl round |bottgm fhask were added CDSO(14.

64.10 mmol )
(3-nethally
nonohydr at e
Dean- St ar k
reflux the
wat er was c

To the m xt
(4.62 g, 64
addi ti onal

starting ma

an ol elvehiqigel, 88
| a] cohpl (13.87 g,

m). To the ni e was added
: m_ml? and p-tagluenesul fonic a

12 g% catal ytic msg.l"%*ﬁ "t ask Wb JitTed with a
trap and*a reflux cdndenser. The sol uti’on was' t hen heat
sol ygot (-112 C), and heating was continu€BSMEntil no fu

cid

ed to
rt her

ollected in the Dean-Stark trap (-1 hr). After 1 hr, GC showed
that -10% CDS starting nmaterial (retention tinme: 13.7 mn.) had re

ure was then added an additional amount of 3-nethallyl

.Troa R8I L rawad ppdomdtaskiwere added (S (1€88t9,nifed mmel) and
]teﬂé%d?tf)fhﬁa{n ﬁé&f n'ilLﬁt Fhe "fiRUrk Wad 'cH@Iedgg §ROWRlef Natand 8
teri remal ned. e mxture was cool ed t

0 room teénpera

mai ned.
al cohol

% CDS
ture, and

t he mi xt ur e draps of dinsdtieyl fennarida veDaddedstophrTax theymixturaevas theheaddetluene

sol uti on wa

%3V\?§ghe|%3v¥ Fn?no %tf %&%&F&wlgr%jeeﬂﬁgugmlayr%d{tign)?ugéel. When all of

the oxalyl chloride was added, the mixture was warmed to room temperature.
Then the mixture was stirred at room temperature for additional 1 hr under Na.
GC analysis showed that all starting material was consumed, and then the
mixture was concentrated under vacuum using a rotary evaporator. 150 ml of
THF was added and the mixture was cooled to 0°C under N,. To the cooled
mixture was then added 22.45g of triethylamine (219.1 mmol) through an
addition funnel over 15 mins. 9.68g of ethyleneglycol vinyl ether was then
slowly added through the addition funnel. After the ethyleneglycol vinyl ether
addition was completed, the mixture was stirred at 0°C for 5 mins. The
mixture was warmed to room temperature under N2 and the stirring was
continued for 18 hr. Tothe suspension were added 150 ML of water and 150
mL of ethyl acetate. The mixture was then transferred to a 500 mL separatory
funnel. The organic layer was washed with saturated aqueous NaHCO; (2 x
75 mL) and saturated aqueous sodium chioride (75 mL). The organic layer
was separated and dried over MgSQ4. The mixture was filtered and the filtrate
was concentrated on a rotary evaporator to remove the toluene. The
remaining liquid was vacuum distilled to give two fractions. Fraction one (b.p.
93-96 °C@ 2 mm Hg) contained the desired product contaminated with a
small amount of by-product (3.18 g). The second fraction (b.p. 97-105 °C@ 2
mm Hg) contained the desired product CDSVE (7.0 g, 50% vyield) as a

30



m.) and saturated aqueous sodiumchloride (75 nL). The organic |ayer was
separated and dried over MgSO4. The m xture was filtered and the filtrate
was 31 WO 2005/ 022257 PCT/ US2004/ 026979 concentrated on a rotary evaporat or
to renmove {LheohdHhane. The remaining |iquid was vacuunpgi/gélobdeb7d0 gi ve
two fractions. Fraction one (b.p. 96-100 C@3 mm Hg) contained the desired

product contam nated with a small anount of product (1.17 The second
fracti on (b.¢ploress-linoiE. CH BMR(CP§)3):cb8Oxi Q}@d"%/*ﬂeméie%? réd® (dﬂ”bdngbee

(10.40 g, 609 c i,d W 0 -

(12H, m. oO. 9@65%['%')(@%?%0 %géi?@#) é?%" S, 832 ﬁ%"q}'ﬁ ‘5 (2H s)
5.0 -5.05(2H, d). GENERAL SYNTHETI C PROCEDURE FOR POLYMERI ZATI ON [ 0073] The
m xture of nononers was di ssolved in a suitable solvent under N2 in a round

gas inl et Them uture waMONAMER SV EERERIS Exalpl BT, ™ 1.2 1 UE & et
The Sol ut1 on SUNeRBATdehogy bRt e xR veIheRArOr TR &

syringe needle for 15 M nut ege fg&ﬁl?ét’ﬁfall rbégg, Mlcbs tor
2,2 azobi s(2-met hyl butyronitri l Va ?I or gl met hyl - 2, 2' - azobi s( 2-

nethylproplonate (V 601) in the sane solvent mas added dropw se by syringe
or as a soli add and t | uti on was heated to 65C under a N2

at nosphere. @Rzefeact ?g%cﬁﬁg'}f%ﬁgg%s stirred for 16-20 hours and was
nonitored by GC until all maleic anhydride nononmer was consuned] The
reaction mxture was then cooled to roomtenperature and added ¢ropw se to
hexanes or heth e solid golyner was isol ated £
washed wi th hexanep or heptanes.| After filtration, the]jsolid was
60C for 24 hr undger vacuum Nat |
i ndi vi dual exa 0074] | ecul’ar wei ghts and no
di stributions asur ed u3|ngB“ Wat ers” Corp. lijguid ¢hromat ograph

(refractive Lndgx iect i on,PTMA. lalegnen (GPC V sof typar e) gi-equi pped with the
fol | owi ng / ~o”” \ / ~o”
CDS MCDS

To a 250 mL round bottom flask were added CDS (14.00 g, 64.10 mmol) and
toluene (64.88 g, 75 mL). To the mixture was added B-methallyl alcohol
(13.87 g, 192.3 mmol) and p-toluenesulfonic acid monohydrate (0.2 g,
catalytic amount). The ﬂask was fitted with a Dean-Stark trap and a reflux
condenser. The solution was then heated o reflux the solvent ( 112 °C) and
heating was continued until no further water was collected in the Dean-Stark
trap (~1 hr). After 1 hr, GC showed that ~10% CDS starting material (retention
time: 13.7 min.) had remained. To the mixture was then added an additional
amount of B-methallyl alcohol (4.62 g, 64.10 mmol), and the esterification was
continued for an additional 1 hr. After 2 hr total reaction time, GC showed that
~2% CDS starting material remained. The mixture was cooled to room
temperature, and the mixture was transferred to a 500 mL separatory funnel.
The toluene solution was washed with saturated aqueous NaHCO; (2 x 75
mL) and saturated aqueous sodium chloride (75 mL). The organic layer was
separated and dried over MgSQO,. The mixture was filtered and the filtrate was
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Phenogel -10, 7.8 x 250 nmm col ums: 10-47?, 500? & 50? (from Phenonena) and
THE el uent. Thermal deconposition neasurenents (TGA) were perforned using a
Perki n-El mer thermal gravinetric analyzer. The glass transition tenperature

(Tg) of thgv(pg}gy,gggimwas nmeasured using a Perkin 32 WO 2PB8py8%44626979
PCT/ US2004/ 026979 Elnmer Pyris 1 Differential Scanning Calorineter at a

heating rate of 20C/ m nute. The structure and conposition of polyner were
anal yzed w tdongenttatetiNgd asﬁotqyaev&puba&mr woferbie NeRialpend. rEmeremaigloigCl 3,

Benzoi ¢ aci i nt er nal d CLY XAl nt h of Poly
(1,1,3, 3-tet Wéﬂffbt"‘i‘??l af”%"ljﬁ@?‘?“é’a%’ g&é’ﬁc E/E&Péﬁ MD%‘"EPB&Q/?&(% pa??dﬁ) D1yl

ester - co- mal @@ anhwdrk qlecoﬁmurﬁedome/ldeaﬁédflp%@dt%ﬁfdmnhatea WA arlsnidir ee neck,
round bottom fTask equip r rocoupl e, condenser ae‘ﬁjsa gas inlet

were conbi ne%!“%té?f@)'emﬁ?@ﬁt (aé7 q)wi&ye (Sfcqmﬁ fraction (p.pmtf10-102

1,1,3,3-tet | yl t
(b} (3. 17 9 opgnea g hestcl groBiecetis (repdEg, So% ) 8 dgdtnete ) oo
t ol uene (9. dEuig). . 'HNMRLCRGH)UDD.0aD. 242, vaz&0r-) 1 (B(F"'( OTI?.ZZ ®3HL.s), nmol) in

the Gener ol BoPyuEPT e Srgetius D SHAERIQECI ti ng pol ymer sol Ui on was.

precipitated in hexanes (100 nmL). The suspension was filtered using a

Buchner funnel and washed w th_hexane al cal and ot her

data can be foun@ENER’%IgﬂTHﬁT%BQ‘éWR%FQ%%%ﬁMHON

(ol %) CPEY GoBlaf T9 e S Bt moromers was Gissoved T 3 Suiable solvent > oo
under N; in a round bottom flask equipped with a reflux condenser, a
temperature probe and a gas inlet. The mixture was heated to 55°C while
stirring. The mixture was stirred under a N, atmosphere until all the maleic
anhydride was dissolved. The solution was degassed by bubbling N; into the
solution through a syringe needle for 15 minutes. A solution of initiator
2,2’azobis(2-methylbutyronitrile) (Vazo® 67) or dimethyl-2,2'-azobis(2-
methylpropionate (V 601) in the same solvent was added dropwise by syringe
or as a solid was added and the solution was heated to 65°C under a N,
atmosphere. The reaction mixture was stirred for 16-20 hours and was
monitored by GC until all maleic anhydride monomer was consumed. The
reaction mixture was then cooled to room temperature and added dropwise to
hexanes or heptanes. The solid polymer was isolated by filtration and
washed with hexanes or heptanes. After filtration, the solid was dried at 60°C
for 24 hr under vacuum. Variations of the procedure are noted in the

individual examples.

[0074] Molecular weights and molecular weight distributions were
measured using a Waters Corp. liquid chromatograph (refractive index
detection, Millennium (GPC V software), equipped with the following
Phenogel-10, 7.8 x 250 mm columns: 10-4?, 500? & 507 (from Phenomena)
and THF eluent. Thermal decomposition measurements (TGA) were
performed using a Perkin-Eimer thermal gravimetric analyzer. The glass
transition temperature (Tg) of the polymer was measured using a Perkin-
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WD 2005/ 022257 PCT/ US2004/ 026979 POLYMER EXAMPLE P-2 Synthesis of Poly
(1,1, 3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid 1-butenyl
ester-co-nmal ei ¢ anhydri de-co-t-butyl acrylate [0076] In a 100 nm- three

neck, rouncjv(ﬁg,bg,&g}gﬂ ask equipped with a thernocoupl e, peppgRnsRE9Nd a gas
inlet was compi ned mal ei ¢ anhydride (1.17 g, 11.9 nmol),

1,1,3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid 1-butenyl
est er ( BCDS;Elge25Pygris 11. Diffarentjgl Scannipy Galoyinmter atlaS8egting 2rage nofol ) and

tol uene (9. Q08)... . Tpo t  xt.ure ed 2. 2" - .

a20bi (2 etk g Ron s FrdgtisGe SombeStortatrghmer e anrret ¥thas

pol yneri zed ‘MR oding adBrakep40 MHZ NMRispdativenater (@DEREBeIatd acidAsocedur e.
The resul tiug Pol yner gé))l ution was precipitated in hexanes (100 nmL). The
suspensi on WAE™MalsaRd8Eusi ng a Buchner funnel and washed with hexanes (2 x
25 nL). Analytical and other data can be found in Table 2. TABLE 2

Pol ymer Conposi tion (nol % GPCYi el d(% Synt hesi s BCDSMATBAMMPD

P- 222364297002. 2953 POLYMER EXBPPYMER EXAMPRLE RIS of Poly

(1,1,3,3-tetra o IS 5 18X A[E i1aCR j i

Vil okyet hyl - SrHesId of BRAY L. Bt SRPAHE AT SRR FORBRIILER BRI 5, 1o

2005/ 022257 PCtadsai’ addsllyl pstertio-maleic aobydtidetacetbutyt acrylatend bott om
flask equi pped with a thernocouple, condenser and a gas inlet were conbined
mal ei ¢ anhydride (1.10 g, 11.2 mmol),

1,1, 3, 3-tetreorslhy! - 1i3-adil 60 | At Zh@eanycek, abend hettomaflask ghuipped ivith a
O e ahols Zonabelr 4 Bl it Wt bbb maehAiEne™ © (16
(MA) (1.20 g, 12.2 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS) (3.17 g, 12.3 mmol), t-butyl acrylate(TBA)
(1.62 g, 12.6 mmol) and toluene (9.00 g). To the mixture was added Vazo®
67 (0.22 g, 1.1 mmol) in 0.5 g of toluene and the mixture was polymerized
and isolated according to the General Polymerization Procedure. The
resulting polymer solution was precipitated in hexanes (100 mL). The
suspension was filtered using a Buchner funnel and washed with hexanes (2
x 25 mL). Analytical and other data can be found in Table 1.

0
TABLE 1
Polymer | Composition (mol%) | GPC Yield(%) | Tg
Synthesis (°C)
#
ACDS | MA | TBA Mw PD
P-1 23 36 1 12900 | 2.54 50 95
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m xture was added Vazo(r) 67 (0.13 g, 0.7 mmol) and the m xture was

pol yneri zed and i sol ated according to the General Pol ynerization Procedure.
The resulting polynmer solution was precipitated in hexanes (175 nmL). The
suspensi onypsodhhiered using a Buchner funnel and washgdrokiou/drgssanes (2 X
50 nmL). Analytical and other data can be found in Table 3. TABLE 3 Pol yner
Conposition (nol % GPCYi el d %g_Synt hesi sC CDSVEMATBMAMMPD

P- 3253837225002. 974198 PC]_YI\/ERPQiXMﬁJEEP‘AMP@t&ﬂem s of Poly
(1,1,3,3-tetra CR

vi nyl oxyet hyl e E‘g)rlésc%’o?faﬁyl f%%ﬁ&h?gqglg&la@wgﬂégﬁe?ﬁe co- net hyl
met hacr yl at e dapdagylid acid 1}boteﬂyl eatee@malqlc aobndrldetqqahbﬂtsdabndqtm pped with
a thernocouple, condenser and a gas inlet were conbined mal ei c anhydri de
(1.13 g, 11.5 nmmmol ), 1,1,3,3-tetranethyl -1, 3-di sil a- 2- oxacycl ohexane

car onyl : c a[obils]\Z/iélnyl ‘wé)aenbalmest\me ?}é@ﬁ&ﬁd Boltdngflaskl eQuipped with abu? §/I 4
met hacryl at e : met nmet hacr mrol ) an

t et rahydr of JF‘%’W“(@Ug@ diondepse %"‘?naxﬂﬁﬁ anl %Waéo%%ﬁab'ﬁeé ma'f@o?'é*@é&@ﬁ WO

20051 022257 (ARG U004 8269 Roet hyl, bistughaeitiyh &haile-borioyorfoddiiel ) and

the m xture was pol yneri zed and isolated according to ner al

Pol yner i zat i aib@iytic égish d-buteryl rasten (BGIS: Ha8byeret1.9onmallod-bwbd asndatepi t at ed
mshosn o (138 fcl2 o TRRGLSRTTSUGR 1900 o) | 1565 RS yhsPlsIRE el e
Tabl e 4. TABiIZebs(Palethyb@yritsile)i (h2{ ng] 9. GPChlﬁglt)lt Bedi the mixture was

polymerized and isolated according to the General Polymerization Procedure.

The resulting polymer solution was precipitated in hexanes (100 mL). The

suspension was filtered using a Buchner funnel and washed with hexanes (2

x 25 mL). Analytical and other data can be found in Table 2.

0]
TABLE 2
Polymer | Composition (mol%) | GPC Yield(%)
Synthesis
#
BCDS | MA | TBA Mw PD
P-2 22 36 42 9700 | 2.29 53

POLYMER EXAMPLE P-3
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid vinyloxyethyl ester-co-maleic anhydride-co-t-butyl

methacrylate
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Yiel d(% CDSVEMATBVAMMAMMPD P-425352911229002. 5967 POLYMER EXAMPLE P- 5
Synthesis of Poly (1,1, 3,3-tetranethyl -1, 3-di sil a-2- oxacycl ohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacryl ate
[0079] In gyd&dsiHa2d7hr ee neck, round bottom fl ask equi ppegusendloders

t her nocoupl e, condenser and a gas inlet were conmbi ned mal ei ¢ anhydri de
(3.09 g, 3.5 mml ), 1,1,3,3-tetranmethyl -1, 3-disil a-2-oxacycl ohexane
carboxylic a60a7hi 1yl Iea 400 mictreegnek, gound battaroflask eauipped with Iﬁacryl ate
(2.82 g, 19. 2,

azobi s( 2- met hy bu‘t‘%ﬂp@?ﬁ FH%}(%’(@ %’% et viere ?&Eﬁ?é‘épﬁég'r%@ AnARAE

pol yneri zed @D i sl ated ammok)ll nd,t 83t-ﬂetra®ﬂwl-&l3 G’isllgl-ﬂmazmlohnxaﬁeocedur e.

Th | ti | ut 0 Th
suspensi on vELDS »%ﬁeea%%%é‘x'%«%“egh ETEBSYRICAE dethidtmdh Hillhes (2 x
50 nl). Analybiheelyl@ted1083ey;, a6 aman) badft@tradydrafuTarbl(e(m g36 VO fhe05/ 022257
PCT/ US2004/ 026979 POLYMER EXAMPLE P- 6 Synthesis of Pol ,

(1,1, 3, 3- t et MaHIENYPS 13d8ledi YRPe®26 6 ek idoHb% aMBl APE %P MiXtEES wag | y|
ester-co- mal g fméﬁ‘ibbdéﬁdj%b%@ed a@é&rmh?qsm@ebwb?dwoiﬁ%t.bﬂmoé&ﬂ% three

neck, round bottom fl ask equip t her nocoupl e, condenser and a gas
inlet were cBnmreﬁadimaD@vmearsnﬁmpnd@as plecipitatpd il hemaneso(1y5 mL). The

1,1,3,3-tetr i |yl ester
(nCos: 3. o8 Soped¥en ek fitersq B30y BCHMRIHRT Snd R HBEIRSTS 2 T
and THE (6. 0x§() mL)oAhdigtical ahd otherwiata eattbel fodmdda Mabker3.(35ny, 0.18 mmol ) in
0.5 g of THE and the m xture was polynerized and, i sol ated according to the
General Pol ynerization Proc ulting pol yner

sol ution was cooled to roomt eci pitated in. hexanes
(100 mL). The suspension was fj [ a Buchner funnel and washed
with hexanes (2 x 25 nlL). Anal ytica==

—

o o
O: )v
Siw_
}
.~
A\
TABLE 3
Polymer Composition (mol%) GPC Tg
Synthesis Yield(%) | (°C)
CDSVE| MA | TBMA | Mw PD
P-3 25 38 37 | 22500 | 2.97 41 98

POLYMER EXAMPLE P- 4
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid vinyloxyethyl ester-co-maleic anhydride-co-t-butyl
methacrylate-co-methyl methacrylate

[0078] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(113 g, 11.5 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid vinyloxyethyl ester (CDSVE ; 3.32 g, 11.5 mmol), t-butyl
methacrylate (1.24 g, 8.7 mmol), methyl methacrylate (0.31 g, 3.1 mmol) and
tetrahydrofuran (9.00 g). To the mixture was added 2,2'-azobis(2-
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data can be found in Table 5. POLYMER EXAMPLE P- 7 Synthesis of Poly

(1,1, 3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid allyl
ester-co-mal ei ¢ anhydri de-co-t-butyl nmethacrylate [0081] In a 100nL three
neck, ro“”%(ﬁ@%&g}s@' ask equipped with a thernocoupl e, peppgRPEREI79Nd a gas
|nIet was conbi ned nal ei ¢ anhydride (0.94 9.58 mol),

1,1,3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid allyl ester
(ACDS; 2.49 g\ﬁtrgjltﬁﬁymnmhlm (014)@; Ol7 mendipang ithe mixt(de @@s gpolymé&zednand and

t ol uene (5.0, Jo t e dVa ) 4 mmol) in
0.5 g of tol ﬁgf?éedaﬁa"? #’3 ggagf?gg’ é’(tﬂ Pa{ﬁﬁemfrgologﬁ%(ﬁg%@é@r ding to
thF Gener al B@Wmléﬁgolz:abm waasl?ﬂe@pnbiee in HéiairjesJ(ﬁSOrmL)t HEhe sm:dnlgiong;vaml yner
solution was_cooled to r te ure and then precipitate exanes
(100 ni). Thitergd m&%&neﬁw@%@%% hed “With thexanes e §¢ﬁd“aashed

wi th hexanesp ﬁggﬁc nfletherdiatd ¥an eafoHinalabry 4. data can be found in Table
5. 37 WO 2005/022257 PCTI US2004/ 026979 POLYMER EXAMPLE P- 8 Synthesis of

Poly (1,1,3,3-tetra exane carboxylic acid allyl
i [0082] In a 100nL three
pcoupl e, condenser and a gas

neck, round bottom fl' &
inlet were conbine - b1 mmol ),
1,1,3,3-tetranet hyl[-1, 3-disil a-2 oxacyclohexa e arboxylic acid allyl ester
(ACDS; 9.09 g, 35.1 ), t-butyl nethgcrylate ('2.82 g, 19.83 mmol) and
tol uene (14.5 g).OTo the m xture was added Vazo(r) 67 (320ng, 1.66 mmol) in
0.5 g of toluene an ixture was p nerized and isolated according to
t he General Polymerizati 08-Procedure. After 14 hr, the resulting polynmer
solution was cooled o rogmtenperature then precipitated in hexanes (200
mL). The suspensi on ATltered using a Buchner funnel and washed wth
hexanes (2 x 50 nlL). Afhalytical and other data can be found in Table 5.

TABLE 4
Polymer Composition (mol%) GPC
Synthesis .
Yield(%)
CDSVE| MA | TBMA | MMA Mw PD
P-4 25 35 29 11 22900 | 2.59 67

POLYMER EXAMPLE P- 5
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate

[0079] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(3.09 g, 315 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 9.09 g, 35.2 mmol), t-butyl methacrylate
(2.82 g, 19.8 mmol) and toluene (15.00 g). To the mixture was added 2,2'-
azobis(2-methylbutyronitrile) (0.32 g, 1.7 mmol) and the mixture was
polymerized and isolated according to the General Polymerization Procedure.
The resulting polymer solution was precipitated in hexanes (300 mL). The
suspension was filtered -using a Buchner funnel and washed with hexanes (2
x 50 mL). Analytical and other data can be found in Table 5.
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Pol ymer EXAMPLE P- 9 Synthesis of Poly

(1,1, 3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid allyl
ester-co-mal ei ¢ anhydri de-co-t-butyl nmethacrylate [0083] In a 100nL three
neck, roungydablemd,! ask equipped with a thernocoupl e, pepagRSRENd a gas
inlet were conbined nmaleic anhydride (2.72 g, 27.73 mol),
1,1,3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid allyl ester
(ACIDS; 9.54 g, 36.9 mol ), t-butyl nethacrylate (2.74 g, 19.29 mmol) and
toluene (14.5 g). To the mxtu r 67 (310ny, 1.6 Mol ) in
0.5 g of toluene and the m xt uirsgl'%%g?@@neé?é%aand i sol ated according to
t he CGeneral PolSynthegistofdoli|(bd3]8-tetrambtieyl-1]3-disila-2{idxacyelohlekang pol yner

solution was cooled.to rpomtenperature then eci pitated j,n hexanes (200
1), The suspeATEPBKiGAGIE Y Eter-cRmaleis ankydriderco-tandy methagRdat i ¢ n
hexanes (2 x 50 nmL). Analytical and other data can be found in Table 5. 38

WO 2005/ 0222 4gby-T! USZH%H%E?J%EQ—H@&R@M%% fi8siSxatippel S/_vigf aoly

(1,1, 3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid allyl

est er - co- nul desmeenuple.i ecandeoser Bd A gaginelcwereacembgesimaleic anhydride t hr ee

neck, round o fl equi-hped C Ny nd a gas
i nl et Welrje c@ﬁﬁ n ngf g?cqghﬁ@dr |1\c,!m<|at3rh(%t ’z?h*bgﬁﬂgﬁ'ﬁ |I§T?D§>§H’E%Iﬂﬁ§{ar% °
1,1, 3, 3-t et r carboxylic- 1acd diadlyl aefteox 48CDISohe@Be g, carb@kyImroobci tbatyl y) ester

Ooone i ool o 185 R SERRRE 40 € Sl Al
0.5 g of tol wasaddde vars®87836a%), DolgymBiol)Zed. REbf THRAR té mianedvay to the

General Polynerization Procedure. After 14 hr, the resulti an go ner
sol uti on wasPRYBEHEEEG 8nd sgiated sperrdingrte theFanses PlyreenizationFracedireexanes

(200 ). ThegsuaRRMeqBsHRy Pglk{wgsmuéma RooRaBI6m ufipetadiRcbrteshed

S
with hexanes (2 x 50 nL). Ana Ical and other data can be found In Table
5. POLYMER Erenmirecipitated in hexanes (100 mL). The suspension was filtered using a

Buchner funnel and washed with hexanes (2 x 25 mL). Analytical and other
data can be found in Table 5.

POLYMER EXAMPLE P-7
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate

[0081] In a 100mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet was combined maleic anhydride
carboxylic acid allyl ester (ACDS; 2.49 g, 9.58 mmol), t-butyl methacrylate
(1.07 g, 7.52 mmol) and toluene (5.0 g). To the mixture was added Vazo® 67
(100mg, 0.54 mmol) in 0.5 g of toluene and the mixture was polymerized and
isolated according to the General Polymerization Procedure. After 14 hr, the
resulting polymer solution was cooled to room temperature and then
precipitated in hexanes (100 mL). The suspension was filtered using a
Buchner funnel and washed with hexanes (2 x 25 mL). Analytical and other
data can be found in Table 5.
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Synthesis of Poly (1,1, 3,3-tetranethyl -1, 3-disil a-2-oxacycl ohexane
carboxylic acid allyl ester-co-naleic anhydride-co-t-butyl nethacrylate
[0085] In a 250nL three neck, round bottom flask equi pped with a

t her nocouplyeg 26090888yser and a gas inlet were conbi ned makgiug2098bReoHy de
(9.96 g, 101.5 mmol ), 1,1, 3,3-tetranethyl -1, 3-di sil a-2-oxacycl ohexane

carboxylic acid allyl ester (ACDS; 34.98 gi“ 135.3mmol ), t-butyl nethacrylate
(10.06 g, 70.7 mml) and tol ueROLYMER EXAMBLERS ni xt ure was added Vazo(r)

67 (1.77 g, [ [ t hi ol and
the m xt ure wnesHaNohis,SL 2o (107 2upleHmRenAlt s neill ok yeRRRR AN |

Pol yrer i zat i ocanBoaykdaci aWYleestelsab-maiglcmnhydﬂdesm-Mmbyl m&qmryﬁlatqoi tated in
hexanes (500 ni). Anal yti cal and other data can be found in Table 5. POLYMER

EXAMPLE P-12

Lt 5 5t o 1008} nov fing d@n*at'zresx%%%|r8w&m°"bﬂ?%fmp@eacw@a yl

est er - co- mal gicfma IQ&Td‘efhsér BHEY gaBlMaC Wetd cBmbthedOmAKIS /dARvdide
PCT/ US2004/ 026979 [ 00 In a 250nL three neck, round bottom flask equi pped

86
with a ther®ebud e, 3tohdemsn), anH"é* tetramatayl-Ladisilagheramyalohaxane
hydri d

imly3rl3 '?et ﬁgn@tgﬁeic %&%aglyg}gﬁg} éAgggc gc e>?a5n1e7mmopbt bu}yll (r:neétg?%ylgﬁ yl ester
(ACDS; 34.98(2y82 g319.8dmoinp]) anduotuphem ﬁzgjr Jlothe migtLoe &@sq;dded \fazefbl ) and

t ol 55. 1) i
05"g of tol GENPUNG bO8BEh 1o DA R er IR 56 kit Mol et ved
and i sol at edaa@cwlaiedl@cb@rdid@etoﬁha%aheral%lymnzamn ProcBdoree dvitee 14 Hre

resultin ol olution was precipitate hexane 500 . niL Anal yti cal
ind other Galne eptIBes t DR nsqluin. B HEOREHOIANPL PRSI EEN AL s o

Poly (1,1,3, érécﬁﬁtbﬁaraﬂmwexanés Qlerﬁt)Z OPHRC %G wﬁmﬂe\/ascmtér@ayusuﬁg aeid allyl
ester-co- mal ei ¢ anhydri de-co-t-butyl net hacc%‘l(ate 0087] In a 100nL three

neck, round Buemmfum@@ir@r@qwayp%hwmmxa\e& #8dBLb| Analyticrl ansledthend a gas
inlet were cggfgl J%gﬁg%??@%cg' de (3.62 g, 36.92 mol),

1,1,3,3-tetr arret I Si oxacycl ohexane
Polymer EXAMPLE P-9
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane

carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate

[0083] In a 100mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(272 g, 27.73 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACbS; 9.54 g, 36.9 m_lznol), t—b'u'tyl méthacrylate
(2.74 g, 19.29 mmol) and toluene (14.5 g). To the mixture was added Vazo®
67 (310mg, 1.6 mmol) in 0.5 g of toluene and the mixture was polymerized
and isolated according to the General Polymerization Procedure. After 14 hr,
the resulting polymer solution was cooled to room temperature then
precipitated in hexanes (200 mL). The suspension was filtered using a
Buchner funnel and washed with hexanes (2 x 50 mL). Analytical and other
data can be found in Table 5.
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carboxylic acid allyl ester (ACDS;, 12.72 g, 49.2 mol ), t-butyl nmethacryl ate
(3.66 g, 25.73 mmol ) and toluene (19.5 g). To the m xture was added Vazo(r)
67 (0.65g, 3.38 nmtl) and 1-dodecanethiol (0.20g) in 0.5 g of toluene. The

m Xt ure wasygeh¢gekzed and isol ated according to the Geaghihoos/026979
Pol ymeri zation Procedure. After 14hr, the resulting polymer solution was

cooled to roomtenperature and then reci pitated in hexanes (200 nmL). The
suspension was filtered usi ng BOBYe EXAMBBE PrA@ washed with hexanes (2 x

TaBlE 5 per Uso0RBaR bRl (k3 8BRS difid Aacypiclibaliie 20051 022257

Synt hesi s( nol eaegxylicAchbanyRNt~E0- nPaleRGd BBERIde: 00-tdnayl methacrylate
P-6145730204004. 6751115 P-7183944250004. 145 P-8264133208003. 22106

P- 9264133204 5107 P-10263737197003. 02103, P- 036146002. 5362104
P- 1224403611%@2‘?18601'6‘3a @%@%éé@&ﬁ?@%ﬁﬂ%d’ﬁjﬁ@ bdpE UBBRNER 2 14
Synt hesi s of tt%?hwcbamé, 3@|$dérf%bf @ﬁaténgbs Jm@t we$e |o®nﬂ31nﬁ>é€ﬁﬁ¥é1él@"ﬁ?@ﬂﬁde
carboxylic acid allyl ester-co-maleic e-co-t-butyl nethacryl at e-

co-3-(3,5,7, 249 13, 1§4+4§pt By | pbﬂt%%wramtby@ §d1%|39219X§®E'PhEB?%t a-
carboxylic acid allyl ester (ACDS; 9.93 g, 38.42 mmol), t-butyl methacrylate

(2.67 g, 18.77 mmol) and toluene (14.5 g). To the mixture was added Vazo®
67 (320mg, 1.66 mmol) in 0.5 g of toluene the mixture was polymerized and
isolated according to the General Polymerization Procedure. After 14 hr, the
resulting polymer solution was cooled to room temperature and then
precipitated in hexanes (200 mL). The suspension was filtered using a
Buchner funnel and washed with hexanes (2 x 50 mL). Analytical and other
data can be found in Table 5.

POLYMER EXAMPLE P-11
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane

carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate

[0085] In a 250mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(9.96 g, 101.5 mmol), 1,1,33-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS;534.98 g, 135.3mmo‘l"),' t-butyl methaérylate
(10.06 g, 70.7 mmol) and toluene (55.0 g). To the mixture was added Vazo®
67 (1.77 g, 9.2 mmol) in 0.5 g of toluene and 0.27g of 1-dodecanethiol and
the mixture was polymerized and isolated according to the General
Polymerization Procedure. The resulting polymer solution was precipitated in
hexanes (500 mL). Analytical and other data can be found in Table 5.

POLYMER EXAMPLE P-12

Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane

carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate

39



sil oxan-1-yl) propyl nethacrylate [0088] In a 100 nL three neck, round
bottom fl ask equi pped with a thernocouple, condenser and a gas inlet were
conbi ned mal ei ¢ anhydride (3.54 g, 36.1 nmol),

1,1, 3, 3-t efysumibsisyl, 3-di sil a- 2- oxacycl ohexane car boxptigs@ei/cedbl yl ester
(ACIDS; 9.86 g, 38.15 mml ), t-butyl nmethacrylate (3.52 g, 24.75 mmol),
3-(3,5,7,9,11, 13, 15- hept aet hyl pentacyclo [9.5.1.1 3,915, 15

17. 13] oct a- s[00864n- 1- yIn) ap?asiogll thieehaegk |raued (b@étpnhélagvk RONiAPedPEiYs)a ( TBMVA)

67 (0 50 g, EG0badlS. LNpHERGLERY, oY el welf Bt ntfid fijgiue 2ot ")
pol yrer i zed s S%?““‘Sfﬁff’““" 915 ""fm”‘;sﬁ'a‘i ﬁ"‘*ﬁb‘i"’f’iﬂ;‘g‘é“BS’““ "The ©
e s 2
P-15 Synthesis of _Pol tetfamet hyl -1, 3-di si | a- 2- oxacycl ohexane

carboxylic affd? 5I7I%lld/%§irﬁ?|) Hboﬁrﬂ af tolugneyand Qé g&f i1-dndeganaBidhactig at e 41

WO 2005/ 0222584xtffel/ Wad00ddImBRZSY Cand- (§o|§te6 9aécbré1§g15toheﬂ%aeeeuéda¢nt acycl o
[9.5.1.13,9.15.15.1 7/, 13]octa- siloxan-1-yl) propyl nethacrylate [0089] In a

100 i -t hr eBolymsization Rotssiure i e mlt@qmq@ge@r selutiorawas [peecipi ire,

condenser an g AR3shAll) A8 AT BihaTARl S PO IR Tob 90 9, 3426

mmol ), 1,1,3 aneth OXAacy ¢ éxane = carboxylic acid
al Iyl ester (ACDS; 8.88 g, 34.26 mmol ), t- butyI met hacrylate (3.34 g, 23.48

nmol ), net hacryl Et hyl - PCSS (4. toluene (20.0 g). To the
m xture was added Vazo(r) 67 (é85%“’béR§WEL%F§i?gnd 0.17g of

1- dodecanet hi ol syrithesis &f P6Iy éweﬁs actbtfaﬁfe'tﬁflm ,3tfisils2ldaeycRohexaAeNg to the
General Polynerization Procedure. The resulting, polynmer solution was

preci pitated Farhexylirasid aly efter-commaleicsanhydride-gad-hytyl methacrylaty o
Buchner funnel and washed with hexanes (2 x 50 nL). Anal ytical and other

[0087] In a 100mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(3.62 g, 36.92 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 12.72 g, 49.2 mmol), t-butyl methacrylate
(3.66 g, 25.73 mmol) and toluene (19.5 g). To the mixture was added Vazo®
67 (0.65g, 3.38 mmol) and 1-dodecanethiol (0.20g) in 0.5 g of toluene. The
mixture was polymerized and isolated according to the General
Polymerization Procedure. After 14hr, the resulting polymer solution was
cooled to room temperature and then precipitated in hexanes (200 mL). The
suspension was filtered using a Buchner funnel and washed with hexanes (2
x 50 mL). Analytical and other data can be found in Table 5.
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data can be found in Table 6. POLYMER EXAMPLE P-16 Synthesis of Poly

(1,1, 3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid allyl
ester-co-nmal ei ¢ anhydri de-co-t-butyl nethacryl at e-

c0-3- (3,5, WwP20dde2bs5715- hept aet hyl pentacycl o [9.5. 1. 13" 9pdpydsmodorsdys] OCt a-
sil oxan-1-yl) propyl nethacrylate [0090] In a 100 nL three neck, round
bottom flask equi pped with a thernocouple, condenser and a gas inlet were
conbi ned nal ei ¢ anhydrl de (3 34 g, 3'4-\&165 ﬁm)l)

1,1,3,3-tetrg WA, ¥, ua\., xane gthaxytte—=a¢id allyl ester
(ACES, . &6 %‘ﬁ e ot Rt ;‘fﬁég 539)24 7 ml),
L 9)

nmet hacryl Et h Y s(G 4.12 mmol ) and tol ue To the
m xture was |ddded \.Laﬂtlr\ 67 (0. 59 807 myol ) and 0.
1- dodecanet hial __The fiAGDPa | BMAer Md | BB | sal at &d accor di ng to the

General Pol yneriP-8tion MGcdddie] BF {29600 3PHol ¥%er [sol utjon was
preci pi tated_i n f6xanes 1200 87) | T $29000siddkY wadifiltd1%d|using a
Buchner funnel &nd waghetB wijt B9hexates | 8060 504.11) . 48nal yti cal and ot her
data can be [fourRlgi n Tab?2é 6. 442 | W300208022372PLT/ US20040€26979 POLYMER
EXAMPLE P-17 Syrp-gesi § 0pg Pal w1 33 |20400 | 3.05 107 |
(1,1,3, 3-te]t rampl{yl - 1, 34l §1 B 7- OXACYqbphgXang, | carboxyhpg acid allyl
ester- co MalIeTC PRIy 78 TY~ UpUit Ve TPMABOE YRRFT 62 | 104 | -,
O L Bty Ay [P ot 13,5 1 by D1 13047 17 13 oct
yip PIROHY CT 5‘\, J T pzsls ,zl J 'C'TQLB'CF’ ,_roun
bott om f | askegutt+Ppedw-th geolpe—eonde el s inlet were

conbi ned mal ei ¢ anhydri de E 8 g, 27.33 mol),
[

1,1,3,3-tetranethyl -1, 3-di si @LYMEER/ AN P- 14;arboxyllc acid allyl ester
(ACDS 5.20 g, 20.12 Q)‘d')’Qj but nmet hacrylate (4.12 g, 28.97 mol),

met hacryl Et hyl mbeﬁﬁ y (1:16)3; ﬁﬁﬁﬁmeﬂh\d t%-ld!%'l'ﬂa‘z qxg;ygkmexarpg t he
t
T todecane: h SHEONEE Beid 2l estbrith-fhatcic ihniRiids- O A indthaBhyate. | |

co-3-(3,5,7,9,11,13 15-heptaethylpentacyc|o [9.5. 1 139 1515 17" octa-
siloxan-1-yl) propyl methacrylate

"_"_N
@f‘

[0088] in a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(3.54 g, 36.1 mmol), 1,1,33-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 9.86 g, 38.15 mmol), t-butyl methacrylate
(3.52 g, 24.75 mmol), 3-(3,5,7,9,11,13,15-heptaethylpentacyclo
[9.5.1.13%.155 17 ¥]gcta-siloxan-1-yl) propyl methacrylate (methacrylEthyl-
POSS) (T8BMA) (3.08g, 4.11 mmol) and toluene (20.0 g). To the mixture was
added Vazo® 67 (0.59 g, 2.92 mmol) and 0.18g of 1-dodecanethiol. The
mixture was polymerized and isolated according to the General
Polymerization Procedure. The resulting polymer solution was precipitated in
hexanes (200 mL). The suspension was filtered using a Buchner funnel and
washed with hexanes (2 x 50 mL). Analytical and other data can be found in
Table 6.

POLYMER EXAMPLE P-15
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate-
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the General Polynerization Procedure. The resulting polymer solution was
precipitated in hexanes (100 nmL). The suspension was filtered using a
Buchner funnel and washed with hexanes (2 x 25 m-). Analytical and other

data can beqyd aéehhdy Table 6. POLYMER EXAMPLE P- 18 Synt Besi§2004/0260bY
(1,1, 3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid allyl
ester-co-nal ei ¢ anhydride-co-t-butyl nethacryl ate-

co-3- (3,5, 7, 9, ¢0:343,5.8,%th1Ad6thensaethytpentacyco §9.5. 1.8 91°1'5115lactaq 3] oct a-
sil oxan-1-yl) propyl net hacr“O?ﬁ§1,[988§?%ﬁJ'?"@tgég&1 - three neck, round

bottom fl ask equi pped with a ser and a gas |nIet wer e
conbi ned nal ei ¢ anhydride (2.60 g, 26.5 nmol),

(1A(1:D g 36t 8% r[mmggylélll 18- 4li190l m:)_Zthoaefeﬁ<mvéc$1 odwnlarmnmrfbek%dlﬁbpwi vitiald y) ester
, t - but t at e
met hacr yl Et h{jlerBeggiRe, m&bensgr Gbgrﬁﬂﬁ inlatiess 6o 'nqdlmadﬁlg)anhm%e

mxture was pggiged 3294 B Grhnidh), 451, ‘il 3 @te?r%n’?@"fﬁ}lh QJ%ﬁ’sllg ﬂ@xaﬂ:yc%ﬁexane

1- dodecanet hi ol . le m xture was yneri zed i sol at ed accor di to the

Gener al Pol ya@ppxyici amid Rilglcestar é‘\gﬁ!ﬁeBr@sm 34. ﬁg rpmoy)rr@buyblmmthmw

reci pitated.4 e 0 i i a 43 WO
00! booasy Y B23A8 kY, olitaciBiyp TR 28 d\8%ed Hindif & toudtte @ 25, Y%,
m.). Anal yti (29.0 ghdTotthe mixtdee wasaddexdaV’am@(ﬁ'f (0 Sﬁagl 208 mRal) EnER. EXAMPLE
P-19 Synthesis, of Pol 113 3-tetraneth SI l.a xac ohgxane

bt byl o a8t baspeametipL, Ths Thbftke R pRfunptied e ISR REbRiR B ar o.
co-3-(3,5,7, ﬁml@eﬂaasalEPdl bAgition! PRIREaGHC The( ﬁésﬁltlhglé‘ol &b'séfutidr' viaq oct a-

si | oxan- 1- yI) prop acrylate [0093]_1n a 100 nL three neck, round

bottom fl as kp'@&LH'tﬁ ”'\'M'lePiaﬁeS {80 raldoupihe, sHsRRNSIRNE wWasnh filtered using |t wer e
conbi ned nal Bhem%;mi?ﬁé'dﬁ‘d \Q%’sl@ﬁi With %Ex%%#‘%@k 50 mL). Analytical and other

1,1, 3, 3-tetranet di si - oxacyc exane
data can be found in Table 6.

POLYMER EXAMPLE P-16
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate-
co-3-(3,5,7,9,11,13,15-heptaethylpentacyclo [9.5.1.1>°.1%'%.173octa-
siloxan-1-yl) propyl methacrylate

[0090] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(3.3 g, 3406 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 9.86 g, 38.15 mmol), t-butyl methacrylate
(3.52 g, 24.75 mmol), methacrylEthyl-POSS (3.08 g, 4.12 mmol) and toluene
(20.0 g). To the mixture was added Vazo® 67 (0.59 g, 3.07 mmol) and 0.18g
of 1-dodecanethiol. The mixture was polymerized and isolated according to
the General Polymerization Procedure. The resulting polymer solution was
precipitated in hexanes (200 mL). The suspension was filtered using a
Buchner funnel and washed with hexanes (2 x 50 mL). Analytical and other
data can be found in Table 6.
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carboxylic acid ally) ester (ACDS; 5.20 g, 20.12 mmol ), t-butyl nmethacryl ate
(4.12 g, 28.97 mmol ), nethacryl Ethyl-POSS (3.0 g, 4.01 nmol) and tol uene
(15.0 g). The m xture was stirred under a N2 atnosphere until all the maleic

anhydri de wasp,@sesdved. To the mixture was added Vazo(pgr@d2006b28899. 2. 39
mml ) and 0. 13 g of 1-dodecanethiol. The m xture was pol ynmeri zed and

i sol ated according to the General Polynerization Procedure. The resulting
pol ymer sol ution was preci pi tRREYMER %SAMM P00 nl). The suspensi on was

filtered n I I

pnal vt cal - angDESeaT oy T, SpAraatt e L hisiB X RO BN E . 20
Syn';) hes: s ofcaFl(ljwd»wI(clacid&JIQIes!br«'cmhhl,ellc énBydhldﬂca-tEbubya:mhadn?lﬁa!ae at

car boxylic aci acryl at e-
co 3 (5 5. 7 EAI IS H8TeFh 1ERRPTeshneDeyel ST A3 Hoek o ot o
si | oxan- 1- yI) pr opyI met hag.uy*@{.@yﬁmgﬁm metRadfatel t hree neck, round
bottom fl ask equi pped with a therm)coupl e, condenser and a gas inlet were

conbi ned mal ei ¢ anhydride (37.42 g, 26.5 mol),
1,1, 3, 3-t et [088#] hy! - In 2 4PGimk ttare@xa@%|r@wed<@ﬁ§onbﬁa%>egu1p§e@dmm allyl ester

grésﬁgcr; éftﬁ%m%&@%&enéer éﬁ'ané’% W:\%&t@g u@%@egglagteg g?ﬁﬁi@gﬁhe
e pmmed vma) o, o3 s cmimein:
Gener al Po‘f%fﬁ%’f ?9 ﬂ ﬁr%@%a@@ geﬁza @n ﬁ S/'ﬁ*éty 45 tmc

preci pi tat ed.12ng, mQamﬁob matﬁﬁc)ylEtﬁplepessqsr[m QMM&nfrioI)taﬂdeldlueﬁeng a
Buchner funnel and washed w th hexanes Anal tlcal and ot her

data can bel1P@k Ttheraixtuse gvasmdsieg \azp %@46:9 39immeh and 0.14 g
(ol %9 GPCYi & AGAAdBnextibInerhe fiikture was polymerized and isolated according to

the General Polymerization Procedure. The resulting polymer solution was
precipitated in hexanes (100 mL). The suspension was filtered using a
Buchner funnel and washed with hexanes (2 x 25 mL). Analytical and other

data can be found in Table 6.

POLYMER EXAMPLE P-18
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate-
co-3-(3,5,7,9,11,13,15-heptaethylpentacyclo [9.5.1.1*°.131%.1"%octa-
siloxan-1-yl) propyl methacrylate

[0092] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(260 g, 26.5 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 6.05 g, 23.41 mmol), t-butyl methacrylate
(3.44 g, 24.20 mmol), methacrylEthyl-POSS (3.44 g, 4.60 mmol) and toluene
(15.0 g). To the mixture was added Vazo® 67 (0.45 g, 2.39 mmol) and 0.13 g
of 1-dodecanethiol. The mixture was polymerized and isolated according to
the General Polymerization Procedure. The resulting polymer solution was

precipitated in hexanes (100 mL). The suspension was filtered using a
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ACDSVATBVATSMAMMPD P- 142731375165842. 813395 P-152634346193323. 0133
P-162734345167002. 7496 P-171747296186242. 9349 P-181731476231323. 073104
P-191730476181342. 9825100 P-20183641494212. 894374 POLYMER EXAVPLE P-21
Synt hesi s @f, %)%l % 1,3, 3-tetranet hyl -1, 3-di si | a- 2- oxaEgl RN

[

carboxylic ac aIIyI ester-co-maleic anhydride co-t-butyl

3 Ea‘iri{éaéﬁﬂéh‘?’fifé'?'eiafs%ra et ydPROeR e Y 2R T Rokiaion 2nd ios) 11

100 nL t hr e¢ataeak berfoumdlirobabled f | ask equi pped vvlth a thernocoupl e,
condenser and a gas inlet were conbi ned nal eic anhydride (2.09 g, 21.3
mmol), 1,1,3,3-tetranmethyl -1, 3-disil a-2-oxacycl ohexane carboxylic acid
nmet hal |yl ester (MCDS) (3.64 ppL\tﬂEﬂmMpLprgyl nmet hacryl ate (2.28 g,
16 mmol ), methacr IEt hyI nmol ). 45 WD 2005/ 022257

PCT/ US2004/ 02 I’?@'(i151(g")3'tqt63mﬁﬂ"lﬁ'n1)§ dr%lavmxa%ah%m (0.061 g,
0. 26 nmol o0 the

) c-gpﬁoxiﬁcxédi&‘aalyyiié %ur Y &EQnﬂggnbé %'oalt ?HIWatE

General Polynmerization e resulting po é I'on was

preci pi t at ed ¢o3-(BEBAAY,13,05-heplaetiylpentagyshs [H5. v 1I51 11 e‘r’hﬁ:tmsl ng a
Buchner funnel and washed n 5 . Anal ytical and ot her
data can be found in Tabl & #anrigﬁﬁpr%wﬁmﬁg? osition (nol % GPCYi el d
%g Synt hesi sC MCDSVATBMATS VAMMPD

[0093] In a 100 mL three neck, round bottom flask equipped with a

Q

thermocouple, condenser and a gas inlet were combined maleic anhydride
(268 g, 27.32 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 5.20 g, 20.12 mmol), t-butyl methacrylate
(4.12 g, 28.97 mmol), methacrylEthyl-POSS (3.0 g, 4.01 mmol) and toluene
(15.0 g). The mixture was stirred under a N, atmosphere until all the maleic
anhydride was dissolved. To the mixture was added Vazo® 67 (0.45 g, 2.39
mmol) and 0.13 g of 1-dodecanethiol. The mixture was polymerized and
isolated according to the General Polymerization Procedure. The resulting
polymer solution was precipitated in hexanes (100 mL). The suspension was
fitered using a Buchner funnel and washed with hexanes (2 x 25 mL).
Analytical and other data can be found in Table 6.

POLYMER EXAMPLE P-20
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyciohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate-
co-3-(3,5,7,9,11,13,15-heptaethylpentacyclo [9.5.1.1*%.1%1% 173|octa-
siloxan-1-yl) propyl methacrylate

[0094] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(3742 g, 265 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 7.12 g, 27.5 mmol), t-butyl methacrylate
(5.09 g, 35.79 mmol), methacrylEthyl-POSS (4.12 g, 5.51 mmol) and toluene
(20.0 g). To the mixture was added Vazo® 67 (0.64 g, 3.33 mmol). The
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P-21174237413400365108 POLYMER EXAMPLE P-22 Synthesis of Poly

(1,1, 3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid nethallyl
ester-co-nmal ei ¢ anhydri de-co-t-butyl nethacrylate [0096] In a 100 nl- three
neck, roun [l ask equipped with a thernocouple, nd a gas
inlet wer eq‘é(gﬂniglg/ﬁigh mal ei ¢ anhydride (1.90 g, 19.37 P??/%gﬁl%‘%gﬁ
1,1,3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid nethallyl
est er (MCDSnixturg7 was 1poBmerizel) , anid bisojdted neichaxding ate (tRe 835enerdld. 90 Mol )

G e metiatod poEafré! 1hE #8ing i el solfoh s irbnipted ™™ ) The

Pol yrer i zatheé}anBs QPeOIpIL. Theesuspahsibn Ms filekeurasing @ BLtkreriaendlrapgi pi t at ed
i n hexanes (100 n&ih t|The suspension was filtered using a Buchner funnel and
n

washed wi t Wwages exanesq 2 25 mLin Analytical anghathst Hé?a e’ he dendod f ound i n
Tabl e 8. 46TM%§3005/022257 PCT/ US2004/ 026979 POLYMER EXAMPLE P-23 Synt hesi s
of Poly (1,1 3-tetranet hyl -1, 3-di sil a-2- oxacycl ohexane carboxylic acid
nmet hal |yl ester-co-maleic anh dri de- co- A | ate [0097] In a 100
m - three neck, round be TN , v Jér nocoupl e, condenser
and a gas inlet were conbi : g, 20.30 mmol),
1,1,3,3-tetranet hyl - 3 pBoxylic acid nethallyl

ester (MCDS; 5.53 g,/ 20.30 m?ol) et hacr at (2 47 g, 17.34 mmol)
and THE (18.57 g)==To the nj xture was d V 601 (O. QEJ\QJJO 29 mmol ). The
m xture was pol yneri : i sol ated according to the @éper?l

Pol ynmeri zati on Procgdure. |‘Fhe resulting p r sol ut\, %’wag preci pitated
in hexanes (100 ni-) Theo suspensi on was ‘filtered using éfB&chner f unnel

and washed w th hexanesi (2 x 25 m). Analytical and other data can be found
in Table 8. 7N

TABLE 6
Polymer | Composition (mol%) GPC 'Yield(%) Tg
Synthesis (°C)
#
ACDS | MA | TBMA [TBMA| Mw | PD
P-14 27 31 37 5 16584 | 2.81 33 95
P-15 26 34| 34 6 19332 [ 3.01 33
P-16 27 |1 34| 34 5 16700 | 2.74 96
P-17 17 | 47 29 6 18624 | 2.93 49
P-18 17 | 31 47 6 23132 | 3.07 30 104
P-19 17 30 47 6 18134 | 2.98 25 100
P-20 18 36| # 4 9421 | 2.89 43 74
POLYMER EXAMPLE P-21
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid methallyl ester-co-maleic anhydride-co-t-butyl
methacrylate-co-3-(3,5,7,9,11,13,15-heptaethylpentacyclo
[9.5.1.1%9.1%5,171%octa-siloxan-1-yl) propyl methacrylate
[0095] In a 100 mL three neck, round bottom flask equipped with a

thermocouple, condenser and a gas inlet were combined maleic anhydride
(209 g, 21.3 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid methallyl ester (MCDS) (3.64 g, 13.4 mmol), t-butyl
methacrylate (2.28 g, 16 mmol), methacrylEthyl-POSS (1.99g, 2.66 mmol)
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TABLE 8 Pol ynmer Conposition GPCYield %g Synt hesi snol % MCDSMATBVAMMPD
P-22183547127002. 8470113 P-23223642160003. 1472125 POLYMER EXAMPLE P-24
Synthesis of Poly (1,1, 3,3-tetranethyl -1, 3-disil a-2-oxacycl ohexane

car boxyl i cyasigdssmidial | yl ester-co-nmal ei ¢ anhydri de- co-pcBu§beyPesy! ate 47
WO 2005/ 022257 PCT/ US2004/ 026979 co- 3- (3 5 7,9, 11, 13, 15- hept aet hyl pent acycl o

(9.5.1.13"9.15'75.17, 13] octa- _sil oxan- roa‘%lp nmet hacryl ate 50098] In a
100 niL thr@é‘dn'@é'ﬁ(ﬁghn Htﬁmawmma@ﬁﬂ\éﬁ f % 0. 26 @Ml odipee

condenser g n 84 C n CigecAaingr tde thd 2 20. 80
mmol ), 1,1, 3 lﬁ?e?’?aaérrek)ﬁ&rﬁ@% gdd%}ﬁ ﬁ?'g'@dac a%lcohexan}adj (t:rg% bcc)%?)lelgecl acid
met hal | yI é&zlmer@m Pr@cmurg The reaulﬁrng)pqumter saluion aasyprecipitated.ing g, 17. 86

ol ).t e RN 6o B st e el Gend Pt 1 B Gerer
Pol yrer i zatwa:srheErrvmﬂehbxaenesTﬁe( 2%mi)t iAnalytioalyarel othet datactanses foupiddni pi t at ed
in hexanesﬂ(a}? O_nmL). The suspension was filtered using a Buchner funnel and

washed wit Anes (2 x 25 m). Analytical and other data can be found in
Tabl e 9. TABLE 9 Pol ymar Conposition GPC Yield %g; Synthesis. nol% ,C

0
TABLE 7
Polymer Composition (mol%) GPC Tg
Synthesis Yield(%) | (°C)
MCDS | MA | TBMA | TSMA| Mw | PD
P-21 17 42 37 4 13400 | 3 65 108

POLYMER EXAMPLE P-22
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid methallyl ester-co-maleic anhydride-co-t-butyl
methacrylate

[0096] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(1.90 g, 19.37 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid methallyl ester (MCDS; 5.27 g, 19.37 mmol), t-butyl
methacrylate (2.83 g, 19.90 mmol) and THF (18.57 g). To the mixture was
added V 601 (0.067 g, 0.29 mmol). The mixture was polymerized and
isolated according to the General Polymerization Procedure. The resuiting
polymer solution was precipitated in hexanes (100 mL). The suspension was
filtered using a Buchner funnel and washed with hexanes (2 x 25 mL).
Analytical and other data can be found in Table 8.
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MCDSVATBAMMPD P- 24323434119002. 4865104 POLYMER EXAMPLE P-25 Synt hesi s of
Poly (1,1, 3,3-tetranethyl -1, 3-di sil a- 2- oxacycl ohexane carboxylic acid allyl
ester-co-mal ei ¢ anhydri de-co-t-butyl acrylate [0098] In a 100 nL three neck,

round bott op fphaek.9qui pped with a thernocoupl e, condepsgiisRAibogergas inl et
were conbi ned mal eic anhydride (MA) (1.20 g, 12.2 mol),

1,1,3,3-tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane carboxylic acid allyl ester
(ACDS) (3.17 g, 12.3 mmol), t-RALYMEREXAMRLEBA3 48 WO 2005/ 022257

PCT/ US2004/ 02699 62 1 an | Yen ) 0. the mxture
was added Vazo %"“%%'g(‘tfqﬁy?'qm%ﬁ}r%'i"fﬂwﬁ'qoﬂ g'sélag'c’g%fzgéequg;xﬂee m xture
was pol ynerized earboxytiolagid thethaliyl ister-¢snidieicGritgidridemody4baitylzat i on
Procedure except that the mxture was heated with stirring to 85 C. The
resul ting pol ymer solution was prdPeWaceylate i n hexanes (100 ni). The
suspension was filtered using a Buchner funnel and washed w th hexanes (2 x
25 mL). Anal poiggpl an A 10

Pol ynerConpopsaib? ?I;n (m(z'l"0 (H;‘P’gYTg?H(?%% @gc'{g,;’ﬁ?ﬁgy sﬂ? Eh:) ﬁ@%&cggﬁ%?gima

P- 252139408 6theamoqapds ROdenEst axdePry®s Metoweiencomvinedomaleit anhydride

(1.,1,3 3 te r@mm%%{g %ﬁ{oﬁ)g;5%’3%@]3@{%%@{1é-d%ﬂé-@&éc&&oﬁ&a‘?\ea' !

ester-co-naleic a
co-3- (3,5, 7, &arivdx\lid, hoidhapethatlyly leptent (MEOIS) 5%535.4dl. 28.3D Irhimbh, 1tbuityl oct a-

Bot tom 1 askERAeBlEE 4oe 7 SaPBBdll SHF gt Gk Tadhe nBRes W%t wer e
conbi ned mal gddePWVBOY 1 (@967 g, 0.29 mmol). The mixture was polymerized and
isolated according to the General Polymerization Procedure. The resuiting
polymer solution was precipitated in hexanes (100 mL). The suspension was
filtered using a Buchner funnel and washed with hexanes (2 x 25 mL).
Analytical and other data can be found in Table 8.

0]
TABLE 8
Polymer Composition GPC Tg
Synthesis mol% Yield(%) | (°C)
MCDS | MA | TBMA| Mw | PD
P-22 18 35 47 112700 | 2.84 70 113
P-23 22 36 42 116000 | 3.14 72 125

POLYMER EXAMPLE P-24
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid methallyl ester-co-maleic anhydride-co-t-butyl acrylate-
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(2.68 g, 27.32 mmol ), 1,1, 3,3-tetranethyl -1, 3-di sil a-2-oxacycl ohexane
carboxylic acid ally) ester (ACDS;, 5.20 g, 20.12 mmol ), t-butyl nethacryl ate
(4.12 g, 28 97 rrm)l) met hacryl Et hyl -POSS (3.0 g, 4.01 nmol) and tol uene
(15.0 9). %ﬂsx,ture was added Vazo(r) 67 (0.45 g, gep sﬂﬂﬂ?&z)sg@”d 0.13 g
of 1- dodecanet h| ol the m xture was pol ynerized and isol ated according to the
49 WO 2005/ 022257 PCT/ US2004/ 026979 Ceneral Pol ynerization Procedure. The
resul ting pol ye®s- (3;5,11.911dn1ms-heptmhmmanycim[Qlﬁ.ﬂerﬁésls('iﬂ)b”]dc)a- The
suspension was filtered usi ni? i hner Flﬁ?ﬁ arPol washed with hexanes (2 x
25 mL). Analytical and ot heP"OXAa¥ VA ®abl e 11. Pol ymer EXAMPLE
P-27 Synthesis of Poly (1,1, 3, 3- tertarret hyI 1, 3-di sil a- 2- oxacycl ohexane

car boxylic agmd spl |yl o qooqamme@ Red) sdhd C!ﬁm@ﬁr ﬁ‘la@l&”e)ﬁh %ﬁ&hﬁiﬂf yl ate-
co-3-(3,5,7 11, 13, 15- hept aet hyl pentacyclo [ 9. 5. 17 1‘d] oct a-

si | oxan- 1- ylmem@wplmqﬁd@r\waaref Pogam]nletnwareswnhmeﬁhm@@ménkydr gund
bottom f |l ask her. et was
conbi ned mal(el'c a%ﬁy?r d[S r?g\gﬁ) 1”?3%%Fr§mnwﬂ?§§%ﬂa"én&a%yéléﬁe)la'ﬁle

1,1, 3, 3- tertearbeb-al:;cBmhtlsallyheﬁteoXMQDS ek an 0. Manmyltimtﬁdodylaﬂel yl ester

(rrgtlhggrgl, Etlg Iﬁbnﬂgg@? %gxn%ﬁm%g? ﬁ%"(% l”%é?f"%’egw G)Pﬂe m xture

was stirred Wgeownﬂﬁapsnh@hﬁxtumwbs biynidﬁn@ea&haugolat%afa\tdénd toas
di ssolved. To the m xture was added Vazo(r) 67 mmol ) and 1. 38

g of 1-dodectiReEanerl Polwnerization Prasedusel ¥ r’??\é‘&"& ?Vmg%ﬁ%!t-’ﬁ‘?ﬁ ¥Eording to
the General E@k%ﬁ%ﬁzm h?;aar\%rsow n?Ls)uTlTﬁer%%#ehb?&Q W@@'Mf@%a agkrlr?t g0 was

precipitated in t ane spensi |'tered usi
Buchner funnBudmdfum@adeashelde\wanbsxa(rmﬁ%asrml}) Apaixtical eodlotiaﬁfd ot her

data can be ézﬂH'&gn b@fgﬁl?cjjﬁ\f&bleép WO 2005/ 022257 Table 11

o]
TABLE 9
Polymer Composition GPC Tg
Synthesis ~ (mol%) -+ | Yield(%) | (°C)
MCDS | MA | TBA | Mw PD
P-24 32 34 34 11900 | 2.48 65 104

POLYMER EXAMPLE P-25
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl acrylate

[0098] in a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(MA) (1.20 g, 12.2 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS) (3.17 g, 12.3 mmol), t-butyl acrylate(TBA)
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PCT/ US2004/ 026979 Pol ynmer Conposition (nol % GPCYi el d(% Tg Synt hesi s(0C)
ACDSMATBVATSMAMAPD P- 261630486195823. 0233104 P-271524556165103. 2850110

[ 01011 The photo-acid generating agents and phot odeconposabl e bases (PDB)
given in TaRlesoskdand 13 were used in the Lithographi ¢ pd9idudsmbén
Exanpl es. TABLE 12 StructurePAGNane Q ", S C8F17S(32, 4, 6-tri nmethyl phenyl

di phenyl sul f oni um per fl uor ooct ane PAG 1sul fonate PAG 24-( 1- but oxyphenyl)
di phenyl sul f ¢hi62ng,/ 12:6 immok) @odttailiene (3.00fg)ndcetheBnRtBe Gosl addd Veza®

34-met hyl phenyl o\ g4 Bhenyh R iR 50 HRbiuHE G0t Alkurs WAL pdyRrvbd apgte 0 51
isolated according to the General Polymerization Procedure except that the
mixture was heated with stirring to 85 °C. The resulting polymer solution was
precipitated in hexanes (100 mL). The suspension was filtered using a
Buchner funnel and washed with hexanes (2 x 256 mL). Analytical and other

data can be found in Table 10.

o)
TABLE 10
Polymer | Composition (mol%) GPC Yield(%)| Tg
Synthesis (°C)
#
ACDS| MA | TBA | Mw PD
P-25 21 39 40 8600 | 2.97 52 86

POLYMER EXAMPLE P-26
Synthesis of Poly (1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate-
co-3-(3,5,7,9,11,13,15-heptaethyipentacyclo [9.5.1.1%°.1515,173|octa-
siloxan-1-yl) propyl methacrylate

[0099] In a 100 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet were combined maleic anhydride
(268 g, 27.32 mmol), 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (ACDS; 5.20 g, 20.12 mmol), t-butyl methacrylate
(4.12 g, 28.97 mmol), methacrylEthyl-POSS (3.0 g, 4.01 mmol) and toluene
(15.0 g). To the mixture was added Vazo® 67 (0.45 g, 2.39 mmol) and 0.13 g
of 1-dodecanethiol the mixture was polymerized and isolated according to the
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WD 2005/ 022257 PCT/ US2004/ 026979 PAG 44- (1- but oxyphenyl ) di phenyl sul f oni um
per fl uor obut ane nBuO S C4H9S03sul fonate PAG 54- ( 1-but oxyphenyl)
di phenyl sul f oni um perfl uoro-(2- nBuO +et hoxyet hane) sul fonate C2F50C2F4S03

PAG 6Tri s( 4y eoko222E butyl phenyl) YT~ sul fonium 3s * secrRRbdeeiess f onate "
0 TABLE 13 STRUCTUREPDBNANME PD61tri phenyl sul fonium 1 acetate / S CH3CO2

PDB2Bi s(4- tert-anyl phenyl)iodonium
General Polymerization Procedure. The resulting polymer solution was

precipitated in hexanes (100 mL). The suspension was filtered using a
Buchner funnel and washed with hexanes (2 x 25 mL). Analytical and other

data can be found in Table 11.

Polymer EXAMPLE P-27
Synthesis of Poly (1,1,3,3-tertamethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester-co-maleic anhydride-co-t-butyl methacrylate-
co-3-(3,5,7,9,11,13,15-heptaethylpentacyclo [9.5.1.13%.15% 17""*]octa-
siloxan-1-yl) propyl methacrylate

[0100] In a 500 mL three neck, round bottom flask equipped with a
thermocouple, condenser and a gas inlet was combined maleic anhydride
(23.44 g, 239.0 mmol), 1,1,3,3-tertamethyl-1,3-disila-2-oxacyclohexane
carboxylic acid allyl ester (51.48 g, 199.2 mmol), t-butyl methacrylate (45.32
g, 318.7 mmol), methacrylEthyl-POSS (29.77 g, 39.8 mmol) and toluene
(150.0 g). The mixture was stirred under a N, atmosphere until all the maleic
anhydride was dissolved. To the mixture was added Vazo® 67 (4.59 g, 23.9
mmol) and 1.38 g of 1-dodecanethiol. The mixture was polymerized and
isolated according to the General Polymerization Procedure. The resulting
polymer solution was precipitated in heptane (2.3 L). The suspension was
filtered using. a Buchner funnel and washed with hexanes (2 x 250 mL).
Analytical and other data can be found in Table 11.
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+acetate r
2005/ 022257
Phot or esi st

in an anberydaoshB29nd rolled until

sol uti on was

LI THOGRAPHI C EXAMPLE 1 [0103] The fornul ation for

prepared as
Poly (1,1,3,

CH3COz

2 PDB3triphenyl sul fonium 1l aurate S C11H23CO2 52 WO

PCT/ US2004/ 026979 General Formul ation Procedure [0102]
conponents as described in the Lithographic Exanples were m xed
al | conponents wer epceliyszoiygsho The
filtered through a 0.2pmfilter into a clean anber bottle.

Li t hographi ¢ Exanple 1 was
described in the GeneralTatdetdl ati on Procedure using 3.46 g of
3- tetramethyl -1, 3-disila-2-oxacycl ohexane carboxylic acid allyl

ester--co-
PAG 3, 0.012

propyl ene gl

| Rolgmean hyGompesition (rhal%) acry| 6P€ (pol yneXidld(%)) Tg0. 203 g of
Synthesis, (8- di azabi cycl o[ 5, 4, 0] updec- 7-ane apd 46. 33| (PCHf

vieol methyl ether acetate (PGVEA). [0104] To lithographi c¢all

eval uate the

y
mal |

T or nul at|l AOPS MACCTBNRT ETeMAE[ Biw SPT hppoaf ed with| a t her y

cur abl e unde

a

I’iﬂggt an pos% aggj y Daoggeld at 6£JU195.82 3I’3_QQ SGCOF@@ gl Mbad

2100 A film

[pl??KIIESQ. u CO COpr(_E { l185I10 I\B§2§I it ar5 L qu

descri bed i

Exanple 1 was spin coated over the undercoat and post

for 60 secon
exposed usin
0.8/ 0.6 annu
i sol ated con
at 120 C for

) ) Tla e +
us—Patet 63237267 —TFhe—tornutratTonm—{or—trtnograpnt c

apply baked at 130 C

ds giving a 1700 A filmthickness. The coated wafers were then
| SI 0 mcroste usi annu |IIumnt|on 0. 6NA,
Ragl1 ;5 o TR PARIAGE d Gereratiedants BRd bilogesampbribie " 4 s o and

basds (PP ?w&hm Bathes €2l ang A8 1Rfte USBH ® theIBthBgRIPHic exposur e baked
60 secon s and devel oped for
Formulation Examptes.

TABLE 12

Structure PAG Name

2,4,6-trimethylphenyl
diphenylsulfonium
perfluorooctane
sulfonate

\‘ CBF17SO3

PAG 1

PAG 2 4-(1-butoxyphenyl)
diphenylsulfonium
perfluorooctane

nBuO _sulfonate

CgF17S03

PAG 3 4-methylphenyl
diphenylsulfonium
perfluorooctane
suifonate
@ CgF17S03
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60 seconds using 0.262 N tetranethyl

ammoni um hydr oxi de sol uti on.

The

devel oped coated wafers were then rinsed with de-ionized water and spun dry.
[0105] The inmages were anal yzed by cross sectional

m croscopy.

-wd Bk
WD 2005/ 022257 PCTt US2004/ 026979 0.15mto the resolution limt.
resolution for the imging | ayer

trench featu
dense trench

dense cont acg

2 [0106] The
described in
(1,1,3,3- teg
vi nyl oxyet hy
P- 3), 0.20
46.33 g of p
formul ati on

evaluated in
resol ution f
features, an
had a depth

a depth of f
wafers were

Pr ovi si onal

yield an und
then applied
at various tg

ng

Fes, and 0. 14- 0.
es had a depth of

nijc Exanpl e 3

t acPABO4 es.
0.75-0.9 m
s of 0.5-0.

cedure usirn

scanni ng el ectron

The

4~ leiputokypheinyl d
divrergytsiulfosiueed
erfludroti@aRaPH C
suisngteepar ed as
g 3.46 g of Poly

| ayer was eval uated by exam ni ngcrRSoubiedd from 53

ulti mat e

descri bed above was 0. 11-0.1075m for dense
120 nm

|30 nm
EXAMPLE

acycl ohexane carboxylic acid
ester-- co-mal & e-co-t-butyl nethacryl ate) (polyner
3 g of PAG 3, O. 8- dlazablcyclo[S 4, 0]undec-7-ane and
opytenre—ghycot—rrethyt—eth Fhe
f or L|thographic Zcanpl e 2 wasngfﬁ%gr' h ssed and
t he same nanner t hogr gphi ¢ Exanpl q_eny F‘nate
br t he i pEghNg J._ descri Hed above weé’e@ﬂﬂ dense trench
0 ABUGHA --Eact hol es. Hroperly si4&296thane dense trenches
pf focus . 6m operly dized 130 nhsydpRae contact hol es had
pcus of 0.5m GCe Li t hodraphi ¢ Prodqedure [0108] Silicon
ir F5§5@E?§Shtes under|coats of the type described in US
Application No. 6 2,489 gnd baked fqr 70 seconds at [205C to
erlayer thickness of 21 Onmijor pAGen |Neis(4-est St sanpl ¢s were
over the under gre and post - apply balefityiphdf)) for 60[seconds
e at ing on the resist sulfonium
Tp SOs camphorsulfonate
TABLE 13
STRUCTURE PDB | NAME
PDB1 | triphenylsulfonium
acetate
+
S CHyCO,
PDB2 | Bis(4- tert-amyl
phenyl)iodonium
» + acetate
< I” CH;COz
2
PDB3 | triphenylsulfonium
Q laurate
+
S: C11H23CO2
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sanple, resulting in a resist filmthickness of 170nm The resist sanples
were then exposed pattern-wise with an ArF exinmer | aser beam (193nm in an
I SI 9300 through a photomask containing Iine and space patterns. A

nuneri cal yapajokbyaes70f 0.6 was utilized with a 0.8/0.6 gapnkiansblsdwm nation
setting. The 54 WD 2005/ 022257 PCT/ US2004/ 026979 exposed resi st coated
wafers were then subjected to post-exposure bake (PEB) treatnent on a
hotpl ate for 60 seconds [tenperature varied depending on the experinent].
Then the baked wafers were subjected to a sixty second puddle devel opnent
process with a 0.262N sol ution of tetranethylamoni um hydroxide. The

devel oper was renoved from tGenaral EbnpelatioafRrockdure nsing for 30 seconds
with DI water and the wafer was spun dry. Wafers were then sheared
cross-sectionally across the photoresist relief inmages forned during the

above procespagz) The GHHobordSisE Esthp&rienes! wlagsoaabbhtmhthesq_am?/gf%mcel ectron
m croscope at a magnification of 100k tines. LI THOGRAPH C EXA

[0109] For muFXameIRs wese Mixechisyampriber briEip@ndotied uniall gonpeneats ware

175- il azobi YR/ 415 e YoE HORTHRLEH g 2r Mt oo s 3™

granms) and podtilerer (1.09 g). Each formul ation errpl oyed a different poI ymer .
Li t hographi ¢ Exanpl e 3 enployed P-1, Lithographic Exanple 4 enpl oyed P- 25,
Li t hographi ¢ Exanple 5 enpl oyed P-3, Lithographic Exanple 6 enpl oyed P-8,
and Lithographi c Exanpl e 7 engiTelO:GRRPHIC EXAMPLERhe formul ati ons were
| ithographically evaluated using the GCeneral Lithographic Procedure except
for Lithographic Exanples 3 and 4 which used 0.7 conventional --signa

i I'l'um nati ongp18p vef ehe Mﬁ@za@sa%mﬂho%&@amrﬁ@eeh ag4s @Peﬁarsd ca%ccpe for
phot ospeed, resolution, depth of focus rofi

results are ¢gseehed in mqﬁwrabﬁer@ml@tm@mcmrﬁ us éﬁrg@fs%h&l{)ﬂé :irost appl y
PAB) bak t t
(PAB) Dake aufaRhihg 90881 2-aGchhcRhe CEEBRIg aU 31 QB ed:maaRr O O

size (Esize) energ to reso | ne/ space
patterns w tanrqqddé-cbitrmltylrﬂtrﬂpm@épwmehP - 1) 0.203 g of PAG 3, 0. 012 g of
1,8-diazabicyclo[5,4,0]Jundec-7-ane and 46.33 g of propylene glycol methyl

ether acetate (PGMEA).

[0104] To lithographically evaluate the formulation, silicon wafers were
spin coated with a thermally curable undercoat and post apply baked at 200
°C for 60 seconds giving a 2100 A film thickness. The undercoat composition
was similar to those described in US Patent No. 6,323,287. The formulation
for Lithographic Example 1 was spin coated over the undercoat and post
apply baked at 130 °C for 60 seconds giving a 1700 A film thickness. The
coated wafers were then exposed using an ISI 9300 microstepper using
annular illumination (0.6NA, 0.8/0.6 annular) to print dense and isolated
trenches as well as dense and isolated contact holes. The exposed, coated
wafers were post exposure baked at 120 °C for 60 seconds and developed for
60 seconds using 0.262 N tetramethyl ammonium hydroxide solution. The

developed coated wafers were then rinsed with de-ionized water and spun

dry.

[0105] The images were analyzed by cross sectional scanning electron

microscopy. The imaging layer was evaluated by examining resolution from
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(measuring the line) for Lithographic Exanples 3 and 4 and 120nm | i ne/ space
patterns with equal |ine and space width (nmeasuring the space) for
Li t hographi ¢ Exanples 5-7. 55 WD 2005/ 022257 PCT/ US2004/ 026979

Exanpl ePABARS btsiRRs9l uti onDOFProfil e PEB(nj/cnR) (pm ( pmpBessidodicon (C)

3110/ 510. 120. 45Rounded top, slight 110slope to sidewall, slight footing 4105
/700. 120. 45Rounded top, 105sl oped sidewall, footing 5125/ 480. 110. 45Rounded
top, 120sl op@ngmmma resbbdion dignit e umamtqmssplwsm tprtthe lmamrrmetayerzm op,

| oped sid ted 7125/ 120t o ht |
ol Sﬁid 2: dgﬁ 'nggﬁbZ’d L‘f"ﬁ«cﬁéﬁBﬁ%%% yti"z'?“ﬁbfﬁaﬂ fésy Iogs for
Li t hogr aphi Coﬁaamoﬂo%o&aé?hdleé eprabémiéﬁéd 490 rﬁﬁa@hs@ﬁ@nbﬁbé h@d@g%g 2 0. 0405

Forrmul ati on Procedure using a blend of PAG 1(0.017 grans , and
grans ), . 1, 8efdfoauslof Oyt3-085um, (Popedy sizedetidd omns@ mecfgm@lesﬁad@d PGVEA

(13.84 grans g 922 grans). Each fornul ati on enployed a
di fferent po%?/‘ﬂgrof %ﬁ&ré Hra- Exanpl e 8 enpl oyed P-14, Lithographic
Exanpl e 9 enpl oyed P-17,

LITHOGRAPHIC EXAMPLE 2

[0106] The formulation for Lithographic Example 2 was prepared as
described in the General Formulation Procedure using 3.46 g of Poly (1,1,3,3-
tetramethyl-1,3-disila-2-oxacyclohexane carboxylic acid vinyloxyethyl ester--
co-maleic anhydride-co-t-butyl methacrylate) (polymer P — 3), 0.203 g of PAG
3, 0.012 g of 1,8-diazabicyclo[5,4,0lundec-7-ane and 46.33 g of propylene
glycol methyl ether acetate (PGMEA).

[0107] The formulation for Lithographic Example 2 was lithographically
processed and evaluated in the same manner as Lithographic Example 1.
The ultimate resolution for the imaging layer described above was 0.11um for
dense trench featurés, and 0.14um for contact holes. PfOperly sized 120 nm
dense trenches had a depth of focus of 0.6um. Properly sized 130 nm dense

contact holes had a depth of focus of 0.5um.
General Lithographic Procedure

-~ [0108] Silicon wafers were first spun-coated with undercoats of the type
described in US Provisional Application No. 60/552,489 and baked for 70
seconds at 205°C to yield an underlayer thickness of 210nm or 400nm. The
resist samples were then applied over the underlayer and post-apply baked
(PAB) for 60 seconds at various temperatures, depending on the resist
sample, resulting in a resist film thickness of 170nm. The resist samples were
then exposed pattern-wise with an ArF eximer laser beam (193nm) in an ISI
9300 through a photomask containing line and space pattems. A numerical

aperture of 0.6 was utilized with a 0.8/0.6 annular illumination setting. The
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Li t hographi c Exanpl e 10 enpl oyed P-19, Lithographic Exanple 11 enpl oyed
P-26, and Lithographic Exanple 12 enployed P-18. [0112] The fornul ations for
Li t hographi ¢ Exanples 8-12 were |ithographically evaluated using the

General Li t99dodahrhg; pProcedure. The wafers were exam negrRy@sastond
el ectron m croscope for photospeed, resolution, depth of focus (DOF),

exposure latitude (EL), mask error factor (MEF), and profile shape. The
results are gkpased redistt tozjedpiafersTaiete tiRerisubjecterdh tog paptéxpobale dake 56 WO

2005/ 022257 PCIL US2004/ 02697 h or respondj ost - apply (PAB) hake and
post - exposur é%ék@e?‘ﬁ?%? or‘t%ﬁﬂﬁﬂlai?g reé 3%%9’5{5389'#%‘?{3%§ vpﬁeéic@ggr(\%gg ze) in
Li t hogr aphi c ohahé exgerirgést].s TheR thidBaledirwabers Weke sabjectedA0nsikiyncanace
patterns with e%ual | ine and space . width (measuri ng t he space).

Li t hogr aphi ¢ PP &eyelbomant pagessvikre 8cl Hetramatiayl@PmBOM™ cnon
(Pm (Pm (%9 Dag&rokidel CrheGevéldet was Rorddvelt gﬁe #avbiBPEY Wwatdrly ARJRG USPY
top, slightly sloped sidewall, slightly foote

9115/ 620. 105for. 30 sea@@nd3 Ivithy Bl WateriBwl theasafes Masspaieddry oY aferisopere therlewal | |
footed sheared cross-sectionally across the photoresist relief images formed during
the above processes. The data were collected using a Hitachi scanning

electron microscope at a magnification of 100k times.
LITHOGRAPHIC EXAMPLES 3-7

[0109] Formulations for Lithographic Examples 3-7 were prepared as
described in the General Formulation Procedure using PAG 1 (0.064 grams),
1,8-diazobicyclo[5.4.0Jundec-7-ene (DBU; 0.0036 grams ), PGMEA (13.84
grams) and polymer (1.09 g). Each formulation employed a different polymer.
Lithographic Example 3 employed P-1, Lithographic Example 4 employed P-
25, Lithographic Example 5 employed P-3, Lithographic Example 6 employed
P-8, and Lithographic Example 7 employed P-10.

[0110] The formulations were lithographically evaluated using the
General Lithographic Procedure except for Lithographic Examples 3 and 4
which used 0.7 conventional-sigma illumination. The wafers were examined
by scanning electron microscope for photospeed, resolution, depth of focus
(DOF), and profile shape. The results are given in Lithographic Table 1 with
the corresponding post-apply (PAB) bake and post-exposure bake (PEB)
temperatures employed. Energy to size (Esize) in Table 2 refers to the energy
to resolve 130nm line/space patterns with equal line and space width
(measuring the line) for Lithographic Examples 3 and 4 and 120nm line/space
patterns with equal line and space width (measuring the space) for
Lithographic Examples 5-7.
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10115/ 740. 1051. 354. 63. 2SI i ghtly 115rounded top, sloped sidewall, footed
11115/ 750. 10750. 1056. 13Rounded 115t op, sl oped sidewall, footing 12115/63 --
0.1051.35-6.33.3 Slightly 1151. 5rounded top, sloped sidewall, footed

LI THOGRAPHIq Bgtbi3besS 13- 18 [0113] Fornul ations for Lit hegrapkseeanpl es
13-18 were prepared as described in the General Formulation Procedure using
polymer P-11, various PAGS, additives, and sol vents described in

Li t hographi c_Tabl e 3. The fornulLithograghic Tabtehbgr aphi c Exanpl e 16 al so

cont ai ned 5.[5Bxamele UPAB! | Bsiz¢r o] Resoltiony POFJ- sol vembfileFor mul ations for
Li t hogr aphi d Exanpl e$ ﬂ@lB(,ﬁj?cME} LOOHIMP2297 | USpiaigeription’9 Yere
l'i t hographi cal l'y evaluaggdl using the Ceneral Eit ogr aphi ¢ Procedyire. The
waf ers were |exam ned|by scignning e] ectron mjcrosdope for photospeed,
resol uti on, %dept:h of | fildéus| (DGA), Rnd Qptdfi [{e0.4hgdRourides topsslight| are gi ven
in Lithogrdgphic Table1t#Ow th the forrespondi ng goslomptol sidéwAB) | bake and
post- exposure bake {PEB) fenperatpres enpl dyed. [Eneslighttfeotiigze {Esize) in
Li t hographi ¢ Table 4lrefe to thelenergy tgq res i space
patterns with eqbal |i108/ahd JPace| wi @12 (nda@dbi|ng Rhendgshiop) . Lit hographic
Tabl e 3 Exanpl ePol ymer #3865 [LCo- PAGBRsi CPGVEA |/ sloped sidewall,
footing
5 125/ 48 0.11 0.45 Rounded top,
120 sloped sidewall,
footing
6 125/ 65 0.105 0.9 Slightly rounded
120 top, sloped
sidewall, footed
7 125/ 59 0.105 1.056 | Slightly rounded
120 top, slightly sloped
sidewall, footed
LITHOGRAPHIC EXAMPLES 8-12
[0111] Formulations for Lithographic Examples 8-12 were prepared as

described in the General Formulation Procedure using a blend of PAG

1(0.017 grams) _and PAG 3 (0.0495 grams ), 1,8-diazobicyclo[5.4.0Jundec-7- .
ene (DBU; 0.0036 grams), and PGMEA (13.84 grams) and polymer (0.922

grams). Each formulation employed a different polymer. Lithographic

Example 8 employed P-14, Lithographic Example 9 employed P-17,

Lithographic Example 10 employed P-19, Lithographic Example 11 employed

P-26, and Lithographic Example 12 employed P-18.

[0112] The formulations for Lithographic Examples 8-12 were
lithographically evaluated using the General Lithographic procedure. The
wafers were examined by scanning electron microscope for photospeed,
resolution, depth of focus (DOF), exposure latitude (EL), mask error factor
(MEF), and profile shape. The results are given in Lithographic Table 2 with
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Amount Amount or PDB / Addi tive /Anmount (g) (g)Anmount Amount (g) (9g)(9)
130. 830. 494PDB2 / DBU/ 0. 00011. 12 0. 00667 140.820. 0494PAG 6 / DBU 0. 00011. 12
0. 00887 150.830. 0494PD133 /DBU/ 0. 00011.11 0.00647 160.830. 0123PAG

3/ DBUI 0. 00250 561s 578 170. 820. 0147PAG 3 / DBU/ 0. 00311. berRistheaiors

180. 810. 0147PAG

Tridodecyl -11. 12 0. 0423am ne /0.0114 Lithographic Table 4

Exanpl ePAB/ PEBEsi zeResol uti onDOF. Profile (O (m/cnR)(pm (pm Description 58
WO 2005/ 0222H% eaTesiRARINg EREBARPIY IPA®)1kale2 and 2postsmxpbatret bpke (PEBRrti cal

15130/ 120433.%%%ﬁ%%%ﬁé%&%?@%ﬁ%ﬂﬁi‘mﬁ?é’%?ﬁiahﬁ@e 2 refers

si dewal | ,

to the energy to resolve 120nm line/space patterns with equal line and space

width (measuring the space).

Lithographic Table 2
Exampl | PAB/ | Esize | Resoluti DOF EL | MEF Profile
e PEB | (mjlcm | on{um) | (um) | (%) Description
(°C) %)
8 125/ 55 0.11- 1.2 6.6 | 6.2 Slightly
115 0.1075 cuspy top,
slightly
sloped
sidewall,
slightly
footed
9 115/ 62 0.105- 1.2- 6.6 | 2.7 Slightly
115 0.1075 1.35 rounded
top, sloped
sidewall,
_ footed
10 115/ 74 0.105 135 | 46 | 3.2 Slightly
115 rounded
top, sloped
sidewall,
footed
11 115/ 75 0.1075 0.105 | 6.1 3 Rounded
115 top, sloped
sidewall,
footing
12 115/ (~"63 " | 0105° | 1.35- | 6.3 | 3.3 ~Slightly
115 1.5 rounded
top, sloped
sidewall,
footed |
LITHOGRAPHIC EXAMPLES 13-18
[0113] Formulations for Lithographic Examples 13-18 were prepared as

described in the General Formulation Procedure using polymer P-11, various
PAGS, additives, and solvents described in Lithographic Table 3. The
formulation for Lithographic Example 16 also contained 5.56 g of gamma —
butyrolactone as a co-solvent. Formulations for Lithographic Examples 13-18
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undercut 16130/ 120440. 12-0.110.9flat top, vertical sidewall, clean interface
17130/ 120400. 111. 2Sli ghtly cuspy top, slightly sloped sidewall, slightly
footed 18130/120370. 111. O5Fl at top, sloped sidewall, footed LI THOGRAPHI C

EXAMPLES 1Qy@200k/0h34] Formul ations for Lithographi c ExagphbgS20bPozdoner e
prepared as described in the General Formulation Procedure using polyner

P-7 and the conponents , and anounts descri bed in Lithographic Table 5.
For nul at i onswereolithegrappically kyaRk@ted: usingi theo(peapral dathographid (Rroeetunsi ng t he

ol ot ron i DrouaBse ety SRBMSE L bt e B i G RRAE o PholE R

expﬁsuL e | abbbluda\,édﬂp)h @fltﬂoqnlsm[)fblé), shd;m;)fili’ lsbapg.s‘ﬂhé sedlite a)‘é\givet;i il? T?bl e) 6

with the correspondi ost-a PAB) .bake an ost,- sure bake (PEB

t enper at ur eé'@ﬁﬁ?"ﬂ"’é‘ﬂ?gﬂgé‘r win E'ge E?é%sqoeg1"9e803?ﬁ99§t(§8@3§%?f9@nﬁ£9% 6 refers

W dth (oSt A Ty pk e Wty (@ Sizea(Edide)ciman space
Lithographic able "4 refers to the energy to resolve 120nm line/space

patterns with equal line and space width (measuring the space).

Lithographic Table 3
Example | Polymer PAG 1 Co-PAG Basic PGMEA /
Amount | Amount | orPDB/ | Additive/ | Amount
(g9) (9) Amount Amount (g)
(9) (9)
13 0.83 0.494 PDB2/ | DBU/0.000 11.12
0.0066 7
14 0.82 0.0494 | PAG6/ | DBU/0.000 11.12
_ 0.0088 7
15 0.83 0.0494 PDB3/ | DBU/0.000 11.11
0.0064 7
16 0.83 0.0123 PAG 3/ | DBU/0.002 5.56
0.0357 8
17 0.82 0.0147 PAG 3/ | DBU/0.003 11.12
' AR ~0.0423 - 3 R
18 0.81 0.0147 | PAG 3/ | Tridodecyl- 11.12
0.0423 amine
/0.0114
Lithographic Table 4
Example | PAB/PEB | Esize | Resolution| DOF. Profile
(°C) (mjlcm?) (um) (um) | Description
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Li t hographi c Table 5 PCTI US2004/ 026979 Exanpl ePol ymer PAGPAGDBUPGVEA

Amount Anmount Anmount Amount (g) (9)(g)(g) 19, 200. 33PAG 20. 02010. 00114. 654

21, 220. 33PAG 30. 01870. 00114. 654 Lithographic Table 6

Exanpl ePAB/\Eghasi@ese ut i onDOFELProfile PEB(Nnj/cn®) (pm ( pekif@deesssiopt i on (C)
19135/ 430. 110. 915F at top, 125sl oped sidewal |, footed

20125/ 470.111.05.9.1Slightly 120rounded top, sloped sidewall, footed

21135/ 300. 111. 0335. 85113012y (1256@unded tofR sljopkdssi devadtitopf oot ed

22125/ 340. 111. 05118l | ght 1y 120r ounded| t op, sl oged 0s9 depal lertitalot ed
LI THOGRAPHI ¢ EXAMPLES 23- 32 sidewall,
undercut
14 130/120 | No data No data | No data No data

15 130/120 42 0.12-0.11 1.05 flat top,
vertical
sidewall,
slightly
undercut
16 130/120 44 0.12-0.11 0.9 flat top,
vertical
sidewall,
clean
interface
17 130/120 40 0.11 1.2 Slightly
cuspy top,
slightly
sloped
sidewall,
slightly
footed

18 130/120 37 0.11 1.05 Flat top,
sloped
sidewall,
footed

LITHOGRAPHIC EXAMPLES 19-22
[0114] Formulations for Lithographic Examples 19-22 were prepared as
described in the General Formulation Procedure using polymer P-7 and the
components , and amounts described in Lithographic Table 5. Formulations
for examples 19-22 were lithographically evaluated using the General
Lithographic Procedure. The wafers were examined by scanning electron
microscope for photospeed, resolution, depth of focus (DOF), exposure
latitude (EL) and profile shape. The results are given in Table 6 with the
corresponding post-apply (PAB) bake and post-exposure bake (PEB)
temperatures employed. Energy to size (Esize) in Lithographic Table 6 refers
to the energy to resolve 120nm line/space patterns with equal line and space

width (measuring the space).
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60 WD 2005/ 022257 PCT/ US2004/ 026979 [0115] Fornul ations for Lithographic
Exanpl es 23-32 were prepared as described in the General Fornul ation
Procedure using polyner P-8, and conponents and anounts described in

Li t hogr aphiygo I@8hs29+ The formulation for LithographicpfaRRogexs9al so had
0.501 g of gamma-butyrol actone. [0116] Formul ations for Lithographic

Exanpl es 23-32 were |ithographically eval uated using the General

Li t hographi ¢ Procedure. The wafers were exanm ned by scanning el ectron

m croscope for photospeed, resolution, depth of focus (DOF), and profile
shape. The results are given in Lithographic Table 8 with the correspondi ng
post - apply (PAB) bake and post- exposure bake (PEB) tenperatures enployed.
Energy to size (Esize) in Lithographic Table 8 refers to the energy to
resolve 120nm | i ne/space patterns with equal |ine and space w dth
(measuring the space). Exanpl ePo r PAG | gt her Basi cSol vent |

Anpunt Anount Addi tive /Additive | Lﬁggﬂfa% %@P%unt Amount (g) (9)(9)

230. 48PAG 2 [/ DBU /PQVEA /[ 0 03490 00246 486 240 _49PAG 4_/ DBU [ PGVFA /

0. 02680. 00246Ex@wpis . Popmers| / BAG/ PGVERAG 0. 0278BWb0246PHMEAG0| 48PAG 2

| PAG 4 / DBURGVEA / 0] OAMBMIN®134/ 0. 00246 AnSsumt7(. Ampaat 2 Amounddakyl PGVEA /

0. 0349ani ne |/ 6. 483 0]008@)280| 47PAG 2|/ PD&) / DBU /(@EVEA /
0. 03490. 005060. 0008598

19,20 0.33 PAG 2 0.0201 0.0011 4.654
21,22 0.33 PAG 3 0.0187 0.0011 4.654
Lithographic Table 6
Example | PAB/ | Esize | Resolution| DOF | EL Profile
PEB | (mjlcm?) (um) (vm) | (%) | Description
(°C)
19 135/ 43 0.11 0.9 15 Flat top,
125 sloped
sidewall,
footed
20 125/ 47 0.1 105 | 9.1 |  Slightly
120 rounded top,
sloped
sidewall,
footed
21 135/ 30 0.1 1.05 | 15.8 Slightly
125 rounded top,
sloped
sidewall,
footed
22 125/ 34 0.1 1.05 11 Slightly
120 rounded top,
sloped
sidewall,
footed

LITHOGRAPHIC EXAMPLES 23-32
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290. 47PAG 2 / Tri hexyl - Tri dodecyl PGVEA / 0. 0349am ne /am ne /6.484

0. 00210. 0041 Lithographic Table 7 61 WD 2005/ 022257 PCT/ US2004/ 026979

300. 48PAG 3 /DBU / PGVEA / 0.03290. 00196. 484 310. 48PAG 3 / DBU / PGVEA /

0. 03290. 002366 26b8422380. 48PAG 3/ DBU / PGVEA / 0. 03290. 0039 c#R42delbdsomr aphi c
Tabl e 8 Exanpl ePAB / Esi zeResol uti onDOF(pm Profile PEB(nj/cnR)(pm Descri ption
oC 23135/570. 1150. 75Fl at top, 125sl oped sidewal |, footed 24.

135/ 610. 1150004361 ght | Formslasignsiéar Lithpgraphisdexaraplasvat32 wersorregarediass/ 64F| at

top, 125sl opgesibdsh! the GRALRA PoimdtihOPidcrBure WRingShbiRidryP-8, and

components and amounts described in Lithographic Table 7. The formulation
for Lithographic Example 28 also had 0.501 g of gamma-butyrolactone.

[0116]
lithographically evaluated using the General Lithographic Procedure. The

Formulations for Lithographic Examples 23-32 were

wafers were examined by scanning electron microscope for photospeed,
resolution, depth of focus (DOF), and profile shape. The results are given in
Lithographic Table 8 with the corresponding post-apply (PAB) bake and post-
exposure bake (PEB) temperatures employed. Energy to size (Esize) in

Lithographic Table 8 refers to the energy to resolve 120nm line/space

patterns with equal line and space width (measuring the space).

Lithographic Table 7
Example | Polymer | PAG/ other Basic Solvent /
Amount | Amount | Additive/ | Additive/ | Amount
(9) (9) Amount Amount (9)
(9) (9)
23 0.48 PAG 2 / DBU / PGMEA /
0.0349 0.0024 6.486
24 0.49 PAG 4/ DBU / PGMEA /
0.0268 0.0024 6.485
25 0.48 PAG 5/ DBU/ PGMEA /
0.0274 0.0024 6.486
26 0.48 PAG 2 / PAG 4/ DBU PGMEA /
0.0175 0.0134 /0.0024 6.485
27 0.47 PAG 2 / Tridodecyl | PGMEA /
0.0349 amine / 6.483
0.0081
28 0.47 PAG 2/ PDB1/ PbBU/ PGMEA /
0.0349 0.00506 0.0008 5.98
29 0.47 PAG 2/ | Trihexyl- | Tridodecyl | PGMEA /
0.0349 amine / amine / 6.484
0.0021 0.0041

61




125rounded top, sloped sidewall, footed 27135/540.110. 75Fl at top, 125sl oped
sidewal |, footed 28135/450.1150.9SIightly 125rounded top, sloped sidewall,
footed 29135/420. 1150. 9Severe fil m 125| oss, footed

30135330. 11y@ 206988285l i ght 1y 125rounded top, sloped si dewglds00k0800d 62 WO
2005/ 022257 PCT/ US2004/ 026979 31135/520.111. 05Sli ghtly 125rounded top,

slightly sloped sidewall,. slightly footed 321351810. 111. 05- 1. 2Rounded
30 0.48 PAG 3/ DBU / PGMEA /
0.0329 0.0019 6.484
31 0.48 PAG 3/ DBU / PGMEA /
0.0329 0.0029 6.484
32 0.48 PAG 3/ DBU / PGMEA /
0.0329 0.0039 6.484
Lithographic Table 8
Example | PAB/ | Esize | Resolution | DOF(um) Profile
PEB | (mjlcm?) (um) Description
(°C)
23 135/ 57 0.115 0.75 Flat top,
125 sloped
sidewall,
footed
24 . 135/ 61 0.115 0.6 Slightly
: 125 rounded top,
sloped
sidewall,
footed
25 135/ 64 Flat top,
125 sloped
sidewall,
footed
26 135/ 61 0.115 0.75-0.9 Slightly
125 rounded top,
sloped
sidewall,
footed
27 135/ 54 0.11 0.75 Flat top,
125 sloped
- - { sidewall,
footed
28 135/ 45 0.115 0.9 Slightly
125 rounded top,
sloped
sidewall,
footed
29 135/ 42 0.115 0.9 Severe film
125 loss, footed
30 135 33 0.11-0.105 0.9 Slightly
125 rounded top,
sloped
sidewall,
footed
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LITHOGRAPHIC EXAMPLES 33 AND 34
Formulations for Lithographic Examples 33 and 34 were

prepared as described in the General Formulation Procedure using 1.38
0.0073 grams of

grams of polymer P-9, 0.0813 grams of PAG 1,

triphenylsulfonium acetate (PDB1, 0.0012 grams of DBU, 17.81 grams of
PGMEA, and 0.726 grams of gamma-butyrolactone.

[0118]
lithographically evaluated using the General Lithographic Procedure except
that instead of using TIS193UL-52-50 for the underiayer, two other underlayer

formulations were used. The wafers were examined by scanning electron

Formulations for Lithographic Examples 33 and 34 were

microscope for photospeed, resolution, depth of focus (DOF), and profile
shape. The results are given in Table 9 with the corresponding post-apply
(PAB) bake and post-exposure bake (PEB) temperatures émployed. Energy
to size (Esize) in Table 9 refers to the energy to resolve 120nm line/space

patterns with equal line and space width (measuring the space).

Table 9
Example | PAB/PEB | Esize | Resolution | DOF Profile Description
i (°C) | (milem’) | (um) | (um)
33 130/120 41 0.1 1.056 Slightly rounded top,
slightly sloped sidewall,
slightly footed
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1.05 Flat top, vertical sidewall, <clean interface LI THOGRAPH C EXAMPLES 35
AND 36 [0119] Fornul ations for Lithographic Exanples 35 and 36 were

prepared as described in the General Fornulation Procedure. The formnulation
for Lithogra®hoseBsanpl e 35 contained 1.09 granms of pol l‘@fusfb‘o4/6.26979

Li t hographi ¢ Exanpl e 35 contained 1.09 grans of polymer P-6. Bot

formul ati ons al so contai ned 0.064 grans of PAG 1, 0.0036 grans of DBU, and
13.84 grans |of B&VEA 13012Y |Th&8f o rufl 85-0cis | f0- iEIaUQpaericaIEidﬁwdlles 35
and 36 were [ d

Procedure exlcep i B anaul ar
illum nation scherre descrl bed The Waf ers were exam ned by scanni ng

el ectron mcroscope for photospeed, resolution, depth of focus (DCOF), and
profile shape. The results are given in Table 10 with the correspondi ng
post-apply (PAB) bake and post-exposure bake (PEB) tenperatures enployed.
Energy to size. (Esize) in Lithographic Table 10 refers to the energy to
resol ve 150nm contact hole patterns with equal contact hole and space wi dth
(measuring the contact hblTHOGRAPHIGEXAMPLESH3SAND 36

Exanpl ePAB/ PEBEsi zeResol uti onDOF(pm Profile (C)(nj/cnR)(pn Descri ption
35110/ 1101120. 150.6Slightly rounded top, slightly sloped sidewall 64 WO

2005/ 022257 [AoYS2004¢ sHafilltns for Lithographic Examples 35 and 36 were
prepared as described in the General Formulation Procedure. The

formulation for Lithographic Example 35 contained 1.09 grams of polymer P-
1. Lithographic Example 35 contained 1.09 grams of polymer P-6. Both
formulations also contained 0.064 grams of PAG 1, 0.0036 grams of DBU,
and 13.84 grams of PGMEA.

[0120] The formulations for Lithographic Examples 35 and 36 were
lithographically evaluated using the General Lithographic Procedure except
conventional sigma of 0.7 was used instead of the annular illumination
scheme described. The wafers were examined by scanning electron
microscope for photospeed, resolution, depth of focus (DOF), and profile
shape. The results are given in Table 10 with the corresponding post-apply
(PAB) bake and post-exposure bake (PEB) temperatures employed. Energy
to size (Esize) in Lithographic Table 10 refers to the energy to resolve 150nm A
contact hole patterns with equal contact hole and space width (measuring the

contact hole).

Lithographic Table 10

Example | PAB/PEB Esize | Resolution | DOF(pm) Profile
(°C) (mj/cm?) (um) Description

35 110/110 112 0.15 0.6 Slightly
rounded top,
slightly
sloped
sidewall
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36125/ 1201030. 140. 6Fl at top, slightly sloped sidewall LI THOGRAPH C EXAMPLES
37 AND 38 [0121) Fornul ations for Lithographic Exanples 37 and 38 were
prepared as described in the General Fornulation Procedure. The formnulation
for Lithographieseszsaml e 37 contained 1.38 grams of pol ypaRiysiueSreerdne
formul ation for Lithographic Exanple 37 contained 1.38 grans of pol yner
P-12. Both forrmulations also contained 0.0813 grans of PAG 1, 0.0073 grans
of triphenyl|sul 86ni um 25120 e| (PDBEL), | 0. 12 grans 08 DBU, Fladtto@1 gr ans of
PGVEA, and 0. 726 grans of ganma-butyrol actone. [0122) THe fslightlyatijons for
Li t hogr aphi ¢ Exanpl es 37 and B8 were |lithographically qval siapedl usi ng the
CGeneral Lithographic| Procedurg. The wafers werge exam nqd kjdeswlnnijng

el ectron m croscope for photospeed, resolution, depth of focus (DOF), and
profile shape. The results are given in Table 11 with the correspondi ng
post-apply (PAB) bake and post-exposure bake (PEB) tenperatures enployed.
Energy to size (Esize) in Lithographic Table 11-refers-to' the energy to
resol ve 150nm contact hole patterns with - equal contact hole and space

wi dt h (nmeasuring the cont i i 11
Exanpl ePAB/ PEBEsi zeResol ﬁ@é&?&?ﬁ'ﬁ%’?‘?@ﬁ% ?né@n‘gﬂ pm Descri ption
37130/ 120700. 150. 45Fl at top, sloped sidewall, clean interface 65 WO

2005/ 022257 E)&%']JSZOOA'FL'gr%Gua?t%ns for Lithographic Examples 37 and 38 were

prepared as described in the General Formulation Procedure. The
formulation for Lithographic Example 37 contained 1.38 grams of polymer P-
9. The formulation for Lithographic Example 37 contained 1.38 grams of
polymer P-12. Both formulations also contained 0.0813 grams of PAG 1,
0.0073 grams of triphenylsulfonium acetate (PDB1), 0.0012 grams of DBU,
17.81 grams of PGMEA, and 0.726 grams of gamma-butyrolactone.

[0122] The formulations for Lithographic Examples 37 and 38 were

lithographically evaluated using the General Lithographic Procedure. The

wafers were examined by scanning electron microscope for photospeed,

resolution, depth of focus (DOF), and profile shape. The results are given in

Table 11 with the corresponding post-apply (PAB) bake and post-exposure

bake (PEB) temperatures employed. Energy to size (Esize) in Lithographic

Table 11-refers—to the energy to resolve  150nm  contact hole patterns with -
equal contact hole and space width (measuring the contact hole).

Lithographic Table 11

Example | PAB/PEB Esize | Resolution | DOF(um) Profile
(°C) (mj/lcm?) (pm) Description

37 130/120 70 0.15 0.45 Flat top,
\ sloped

sidewall,
clean

interface
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38130/ 120780. 140. 3Fl at top, vertical sidewall, clean interface LI THOGRAPH C
EXAMPLES 39 AND 40 [0123] The fornul ations for Lithographic Exanples 39 and
40 were prepared as described in the General Formulation Procedure. Both
formul ati oRgo shBbREed 0.86 grans of polymer P-15, 0.06p8Tassvawowd7oPAG 3,
0.0036 grans of DBU. The fornul ation for Lithographic Exanple 39 al so
contained 5.54 grans PGWA__and 5 54 grans 2-Heptanone. The faormulation for
Li t hogr aphi Exg&pl 480414 cont’8i ned 8.B14grans &3 PGVEAF&IdOR. 77 grams
of 2-Heptandne. [0124] The fornul atiops for Lithographi g BExe@fidas 39 and 40
were |ithographical|ly eval uated using the General Lithagraidewell.Procedure.
The wafers (were exam ned by scanni ng| el ectron jm croscope f oleaphot ospeed,
resol ution, |depth ofj focus (DOF), and|profile shape. The radedfdce ane given
in Lithographic Table 12 with the correspondi ng post-apply (PAB) bake and
post - exposure bake (PEB) tenperatures enployed. Energy to size (Esize) in

Li t hographic Table 12 refers to the energy to resolve 120nm | i ne/ space
patterns with equal |ine and space width (neasuring the space). Lithographic
Tabl e 12 Exanpl ePAB/ PEBEsi zeResol uti onDOFProfi | e

(O (m/cnm2)(pm (pm Description 39125/115470. 10750. 75Sl i ghtly cuspy top,

slightly siope d 66 VIO 20Dk REGRAPHIEEHPLESLISRRD 40

[0123] The formulations for Lithographic Examples 39 and 40 were
prepared as described in the General Formulation Procedure. Both
formulations contained 0.86 grams of polymer P-15, 0.0618 grams of PAG 3,
0.0036 grams of DBU. The formulation for Lithographic Example 39 also
contained 5.54 grams PGMEA, and 5.54 grams 2-Heptanone. The formulation
for Lithographic Example 40 also contained 8.31 grams of PGMEA and 2.77

grams of 2-Heptanone.

[0124] The formulations for Lithographic Examples 39 and 40 were
lithographically evaluated using the General Lithographic Procedure. The
wafers were examined by scanning electron microscope for photospeed,
resolution, depth of focus (DOF), and profile shape. The results are given in
Lithographic Table 12 with the corresponding post-apply (PAB) bake and

post—expoeré bake (PéB) temperatures embloygﬁnerg{/ to size (Esize) in
Lithographic Table 12 refers to the energy to resolve 120nm line/space
patterns with equal line and space width (measuring the space).

Lithographic Table 12

Example | PAB/PEB Esize | Resolution DOF Profile
(°C) (mjlcm?) (um) (um) Description

39 125/115 47 0.1075 0.75 Slightly
cuspy top,

slightly

sloped
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si dewal | ,

slightly sl oped sidewall,
[0125] The formul ati ons for

descri bed iy bdagofesser al
PAG 3, pol yner,

1, 8-di azobi cycl o[ 5. 4. 0] undec- 7- ene (DBU),

prep

and

anounts described in_ Lithographic Table 13, The formulation for

Li t hogr aphi c| Experinent 41 enpl oyed pol yner P-22. LithodragldewallExperi nent
42 enpl oyed [pol ymer [P-21. Lithographi¢ Experinment 43 enpl oslgitlpol ymer P-23.
Li t hogr aphi ¢} Experi nent 44 enpl oyed p)l ymer P 24. [0126] Fofomédati ans for
Li t hogr aphi ci Exggpies h5/1 1 Jver_?} TR gpg claly o5 VAl uat t he
Gener al Lithjographic| procedurg he Wafers were exani ngd ng

el ectron m croscope ffor photospeed, fresolution, depth-qf ]:) ,
exposure | atjitude-(EL), mask error factor (MEF), and prof| ¥|ape. The
results are |given in Lithographic Table 14 with| the corres

post - apply (|PAB) bake and post-exposufre bake (PEB) tenper 'errpl oyed.
Energy to silze (Esize) in Table 14 reters to th ener gy Ive 120nm
| i ne/ space patterns mith equal line ahd space-w dth (m:n':nf ThF space).

Li t hographi ¢ Tabl e 13 Exanpl ePol yner PAG | PAG 3DBUPGVEA
Amount Amount Amount Amount ATGYHHIGRAPHIC EXAMPLES 41 - 44

[0125]

slightly footed 40125/115490. 10751. 05-1. 2Slightly cuspy top,
slightly footed LI THOGRAPH C EXAMPLES 41 - 44
Li t hographi ¢ Exanpl es 41- 44 were
Formul ati on Procedure using a Btemd200802#6G 1 and
PGVEA in the

ared as

The formulations for Lithographic Examples 41- 44 were

prepared as described in the General Formulation Procedure using a blend of
PAG 1 and PAG 3, polymer, 1,8-diazobicyclo[5.4.0]Jundec-7-ene (DBU), and
PGMEA in the amounts described in Lithographic Table 13. The formulation

for Lithographic Experiment 41 employed polymer P-22.

Experiment 42 employed polymer P-21.

Lithographi

C

Lithographic Experiment 43

employed polymer P-23. Lithographic Experiment 44 employed polymer P-

24,

[0126]

Formulations for

Lithographic Examples

41-

44 were

lithographically evaluated using the General Lithographic procedure. The

wafers were examined by scanning electron microscope for photospeed,

resolution, depth-of.-focus (POF), exposure latitude -(EL), mask error factor

(MEF), and profile shape. The results are given in Lithographic Table 14 with

the corresponding post-apply (PAB) bake and post-exposure bake (PEB)

temperatures employed. Energy to size (Esize) in Table 14 refers to the

energy to resolve 120nm line/space patterns with equal line and space width

(measuring the space).

Lithographic Table 13

Example | Polymer | PAG1 PAG 3 DBU PGMEA
Amount | Amount | Amount | Amount | Amount(g)
(9) (9) (9) (9)
41 1.02 0.019 0.055 0.0043 13.89
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(9)(9)(9)(9) 411.020.0190. 0550. 004313.89 67 WD 2005/ 022257 PCTI US2004/ 026979
423. 070. 05070. 1650. 01341. 69 431. 710. 03170. 09160. 007223. 16
441.710. 03170. 09160. 007223. 16 Exanpl ePAB/ Esi zeResol uti onDOFELMEFProfi | e

PEB( 1 / ¢ )iy %ol @ishd-% Descri ption (C) 411125/ 380. 11- >1. @¢rid2@deHeaht | y

1150. 1075r ounded t op,

421125/ 420. 1

slightly sloped sidewall,
11. 356. 63. 6Rounded 115t op

slightly footed
severe roughness 431125/ 37n

dat al. 510. 3.

footed 4411

1Sl 43ht lly 1388r ound®050Dp| sOiI1Hst | y| sl0PEd i deddldS, slli ghtly
1384350.111-9.745. 95.d.bBer T 013.08160. [10F 90t ijcal 28i1@ewal]l ,
44 1.71 0.0317 0.0916 0.0072 23.16
Lithographic Table 14
Example | PAB/ Esize | Resolution| DOF | EL | MEF Profile
PEB | (mj/cm?) (um) (um) | (%) Description
(°C)
41 125/ 38 0.11- >1.0 | 71 | 2.84 Slightly
115 0.1075 rounded
top, slightly
sloped
sidewall,
slightly
footed
42 125/ 42 0.11 135 | 6.6 | 3.6 Rounded
115 top, severe
roughness
43 125/ 37 no data 1.5 | 10. 3.1 Slightly
115 8 rounded
top, slightly
sloped
sidewall,
slightly
footed
44 116/ | 38.25 0.11- 06 | 59 | 51 flat top,
115 0.1075 vertical
S - ] . sidewall,
clean
interface
LITHOGRAPHIC EXAMPLES 45 AND 46
[0127] The formulations for Lithographic Examples 45 and 46 were

prepared as described in the General Formulation Procedure using a blend of
PAG 1 and PAG 3, polymer, 1,8-diazobicyclo[5.4.0Jundec-7-ene (DBU), and
PGMEA in the amounts described in Lithographic Table 15. Lithographic

Experiment 45 employed polymer P-12,

employed polymer P-14.
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clean interface LI THOGRAPH C EXAMPLES 45 AND 46 [01271 The fornul ations for
Li t hogr aphi ¢ Exanpl es 45 and 46 were prepared as described in the CGeneral
Forrmul ati on Procedure using a blend of PAG 1 and PAG 3, polyner,

1, 8- di azobiwyehRh54: 0] undec-7-ene (DBU), and PGVEA i n ddifsasiaiditos
described in Lithographic Table 15. Lithographic Experinment 45 enpl oyed

pol ymer P-12. Lithographic Experinment 46 enployed pol yner P-14.
Li t hogr aphi c [0t28]le 14 €Be \iomaetioren farsiithegrapise xanmpied A5 pod 48 weie

formul ati ons fior Li.t r aphi S : apbically
eval uat ed usi"&%g{#@"héiﬁe%lu%?gﬁ%gﬁagm gﬂ?%@e@uf’gﬂgxEcektéclgg)g(%ogg?eﬁ wer e
done on an A8kpogurddWereadure omidnhASMINA 10D stanheamith &h NH of D.#5hand ar
illum nation. the reticle.was, 9%attenuated phases-shift. Results were
ot “at i ned & B3 AMAs T BB iso e tHH O PR PaSEETEEM was
used. The wafRssityaVcte HoREHARRRIDNrdddhEdLSLEERNAPBEM. OhsteRB0d @5PESWN
resol ution, deEt h of focus (DOF), exposure |ati tgde@é‘gtlﬁ)% and nmask error

F [ 14

factor (MEF) (CPHhSEN wastusedy dhgiwatersi werei exaouneth migroggene forhe
correspondin “ARP ) e O@O bgk P

t enper at ur es%g?r%%g?g@’. }%ér?“t?@g’sggg{@a?rﬁr%get e g&%&gg%&SE%hgjg&e&@)hggd were 90
seconds. Enempskt errari faetof EMIEF.) Then resulth age gkeincinTlathographia €akkles1a witht he

energy to resgolve 100nm.l i ne/ space erns. w th ual_lLine,and e wdth
(measuri ng. ¢ 10° Bueshonding HEFRAH PR bR e pBrtBorshar paRS (BRES
3DBUPGVEA Angerpévainures Asraployédolanthase ixan(pled thd PAB h0d) PEB bake times
451. 050. 01870. 05040. 004%131:87 464. 320. %803 . 2]3:190. 018_25,'r—'>. 3f5

were 90 seconds. Energy to size (Esize) in Lithographic Table 16 refers to

the energy to resolve 100nm line/space patterns with equal line and space

width (measuring the space).

Lithographic Table 15

Example | Polymer | PAG 1 PAG 3 DBU PGMEA
Amount | Amount Amount Amount | Amount

(9) (9) (9) (9) (9)

. 45 1.05 0.0187 0.0504 0.0042 13.87
46 4.32 0.0803 0.2319 0.0182 55.35

Lithographic Table 16

Example | PAB/PEB | Esize | DOF (um) | EL(%) | MEF
(°C) | (mjlem?®

45 135/120 31.8 0.54 11.8 4.2

46 125/110 43.6 0.48 6.8 5.1

Lithographic Examples 47 and 48

[0129] Formulations for Lithographic Examples 47 and 48 were
prepared as described in the General Formulation Procedure. Both examples
contained 1.04 grams of polymer P-7, 0.061 grams of PAG 1, 0.0035 grams
of DBU and 13.9 grams of PGMEA.
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Li t hographi c Tabl e 16 Exanpl ePAB/ PEB Esize.  _ DOF (pmEL (%9 NVEF (O (m | cnR)
45135/ 12031. 80. 5411. 84. 2 46125/ 11043. 60. 486.85.1 Lithographi c Exanpl es 47
and 48 [0129] Formul ations for Lithographic Exanples 47 and 48 were

prepared asygesiiobded i n the General Fornul ati on ProcedyicgusBaif6ranpl es
contained 1.04 granms of polynmer P-7, 0.061 grans of PAG 1, 0.0035 grans of

DBU and 13.9 grans of PGVEA. 69 WO 2005/ 022257 PCT/ US2004/ 026979 [0130] The
formul ati ons for Lithographic Exanples 47 and 48 were |ithographically

eval uat ed usigggagine CoPRRL qhhlibiN AN fddf S50 UEGimdIBE 47301 28 VRS
exam ned by scanring electron m croscope I phot'ospeed, resolution, depth
of focus ( DOf}hogEaniically eevaltated desiidglthe a@dnerabfliithegeaphje Prodédure.eShéts are

i in Lith hic Table 17 with th 1di t- I AB) bak
nd post - expaele Maiks SFBEREY Sl eI SRarao o chRo oy, PRUBSReA. £k 26)

in Tabl e 17.rgésitfor!, Aeple oP RIUEY DIOF)! EXSb e 12MHIbe (E'Lf)&ér&pﬁﬁﬁldoéﬁééﬁ ns with
equal line and space wdth (neasuring the space). Exanpl ePAB/ PEB Esi ze

Resol uti on DAmeglesptsare giver)ip dyitheaiaphie) Taklg (Wh with dhe formesponding post-
47135/ 125530.5h il (A bake LWRAB: pStYRBIsure bake (PEB) temperatures employed.

Energy to size (Esize) in Table 17 refers to the energy to resolve 120nm

line/space patterns with equal line and space width (measuring the space).

Lithographic Table 17
Example | PAB/PEB Esize | Resolution | DOF | EL Profile
(°C) (mjlcm?) (vm) (um) | (%) | Description

47 | 135/125 53 0.11| 1.05| 16| Flat top,
sloped
sidewall,
footed

48 | 125/120 59 0.105| 0.9 6.2 | Rounded top,
sloped
sidewall,
footed

LITHOGRAPHIC EXAMPLES 49 - 51
[0131] The formulations for Lithographic Examples 49-51 were
prepared as described in the General Formulation Procedure using the
components described in Lithographic Table 18. The formulation for
Lithographic Experiment 50 also had 0.573 g gamma-butyrolactone.

[0132] The formulations for Lithographic Examples 49-51 were
lithographically evaluated using the General Lithographic Procedure. The
wafers were examined by scanning electron microscope for photospeed,
resolution, depth of focus (DOF), Exposure Latitude (EL), Mask Error Factor
(MEF) and profile shape. The results are given in Lithographic Table 19 with
the corresponding post-apply (PAB) bake and post-exposure bake (PEB)
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si dewal | ,

LI THOGRAPHI C EXAMPLES 49 -

Exanpl es 49-51 were

formul ati on for
ganma- but yr ol act one.
wer e
The wafers
resol ution,

footed 48125/120590. 1050. 96. 2Rounded t op,
51 [0131] The fornul ations for
prepared as described in the General
Procedur e ughh@shigs; conponents described in LithographiperAgbdogod89 The
Li t hographi c Experinent 50 also had 0.573 g

[0132] The fornulations for Lithogra
| i t hogtepperaturey emnpioyest EdemyitngiZﬁHESI@@h@rlaihogra&@g?

sl oped

si dewal | ,

Li t hogr aphi c
Formul ati on

hi ¢ Exanpl es 49-51

. ; _ ablri19 @f&i&edu&e.
JE1R A0 R PRI S bt SRS 1 R BpeP ool

(MEF) and pr efidthémehapring fhleespaesl t s are given in Lithographic Table 19 with

t he correspondi ng post-apply (PAB) bake and post-exposure bake (PEB)
Li t hographic Table 17 70 WD 2005/ 022257 PCT/ US2004/ 026979 t enper at ur es

enpl oyed. Energy to size (Esize)
energy to resolve 120nm | i ne/ space patterns with equal

(measuring the space). Lithographic Table 18 Exanpl ePol yner /PAG / Co- PAG

in Lithographic Table 19 refers
| ine and space

or Basi cSol vent / Anount Amount Additive /Additive /Amunt (g)(g)Anmount
(g)Amount (g) (g) 49P-13 /PAG 1 /PAG 3 /DBU / PGVEA /
1. 050. 01870. 0540. 004213. 872

Lithographic Table 18

to the

Example | Polymer/| PAG/ | Co-PAG or Basic Solvent /
Amount | Amount | Additive/ | Additive/! Amount
(9) (9) Amount (g) | Amount (9)
(9)
49 P-13/ PAG 1/ PAG 3/ DBU / PGMEA /
1.05 0.0187 0.054 0.0042 13.872
50 P-16/ PAG 1/ PDB1/ DBU / PGMEA /
0.86 0.0642 0.0058 0.0009 10.494
51 P-20/ PAG 3/ DBU / PGMEA /
1.05 0.0731 0.0055 13.873
Lithographic Table 19
Example | PAB/ Esize Resolution | DOF | EL | MEF Profile
PEB | (mjlcm?) (um) (um) | (%) Description
(°C)
49 130/ 44 0.115-0.11 | 0.9- | 5.1 Flat top,
120 1.05 sloped
sidewall,
clean
interface
50 125/ 48 0.1075- 0.9- >4 Cuspy top,
115 0.105 1.05 vertical
sidewall,
slightly
footed
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50P-16 /PAG 1 /PDB1 /DBU / PGVEA / 0.860.06420. 00580. 000910. 494 51P- 20 /PAG
3 /DBU / PGVEA / 1.050.07310.005513. 873 Lithographic Table 19 PAB/ Esize
Resol ution DOF EL Profile Exanpl ePEB (mj/cn®)(pm (pm (% MEFDescri ption (O
49130/ 440. {§5200s5829509- 5. 1Fl at top, 1201. 05sl oped si dewalpcr/ush@atebit er f ace
50125/ 480. 1075- 0. 9- >4Cuspy top, 1150.1051.05vertical sidewall, slightly
footed 71 2005/ 022257 PCT/ US2004/ 026979 51115 /460, 10751, 265. 1Rounded
115t op, slidhtl $1sl opddSdijdevd | 0.1075 1.2 | 6 5.1 Rounded
115 top, slightly
sloped
sidewall,
slightly
footed

LITHOGRAPHIC EXAMPLE 52-53

[0133] The formulation for Lithographic Example 52 was prepared as
described in the General Formulation Procedure using 14.38 g of polymer P-
11, 0257 g of PAG 1, 0.741g of PAG 3, 0.058 g of 18-
diazabicyclo[5,4,0]lundec-7-ane and 194.56 g of propylene glycol methyl ether
acetate (PGMEA). The formulation for Lithographic Example 53 was prepared
as described in the General Formulation Procedure using 17.07 g of polymer
P-27, 0317 g of PAG 1, 0.917g of PAG 3, 0072 g of 1,8-
diazabicyclo[5,4,0Jundec-7-ane and 231.62g of propylene glycol methyl ether
acetate (PGMEA).

[0134] To lithographically evaluate the formulation, silicon wafers were
spin coated with a thermally curable undercoat and post apply baked at 205
°C for 90 seconds giving a 4000 A film thickness. The undercoat composition
was of the type described in US Provisional Application No. 60/552,489. The
formulation for Lithographic Example 52 was spin coated over the undercoat
and pbst apply baked at 125 °C for 90Fse_cc;a; gi\;ing a 1700 A film thickness.
The formulation for Lithographic Example 53 was spin coated over the
undercoat and post apply baked at 135 °C for 90 seconds giving a 1700 A film
thickness. The coated wafers were then exposed through a 9% attenuated
phase-shift reticle using an ASML /1100 scanner with a numerical aperture of
0.75 and 0.89/0.59 Quasar lllumination to print dense trenches. The exposed
wafers were post exposure baked at 115 °C for 90 seconds for Lithographic
Example 52 and 110°C for 90 seconds for Lithographic Example 53. Both
were developed for 60 seconds using 0.262 N tetramethyl ammonium
hydroxide solution. The developed wafers were then rinsed with de-ionized

water and spun dry.
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slightly footed LI THOGRAPH C EXAMPLE 52-53 [0133) The fornul ation for

Li t hographi ¢ Exanpl e 52 was prepared as described in the General

Forrmul ati on Procedure using 14.38 g of polynmer P- 11, 0.257 g of PAG 1,

0. 741g of %@@z(ﬁmgﬁg& g of 1,8- diazabicyclo[5, 4, 0] undegrAsangored 194.56 g
of propyl ene glycol nmethyl ether acetate (PGVEA). The fornulation for

Li t hographi ¢ Exanpl e 53 was prepared as described in the General

Forrmul ati on Procedure using 17.07 g of polynmer P-27, 0.317 g of PAG 1,
0.917g of PA 0.072 - g ' ( r%@f‘ -ane and 231. 62g
of propyl ene%‘tg’j‘f%y5 ol ne?ﬁ@ﬁjaé%ﬁgfergaegétaegjyt?é’%@&%y%gl f@o

| i t hogr aphi c@hbtospeed udepth ohiechis (ROFAtandrexpestiedatitudafkEl s Preperly sizddn coat ed

i th h bl d d | d.at 2p5. C for 90
Seconds. gt vi 190 aEseFeies AR taCas oRigure ARt eb3I BRUANE R 8 ' wass o
the type desgephest fobud St CadYins iapaal1 s Erposiat iLantuNe. (EEPId? DRhd§aphithe

formul ation for Lithographic Exanple 52 was spin coated over the undercoat
and post applBxapwied2aPrapslysizeast 1@bnmcdense dregehesntpoyired @0 eXppsung t hi ckness.

The formul ati forqLit. i.C i d r the

under coat ané’%g%é’f 4%%&&@%%5@ aﬁ&?@&? @EP gﬁf égéé%g’o é’?@?’?". '%’g%gsuiéroo Afilm
t hi ckness. Thatitudet(Et) fuafithegraphie dshesll axadsask Errordagiord MER)aif Bedforat ed
phase-shift reticle_using an ASM. /1100 scanner with a nunerical aperture of
0.75 and 0. 858! é-asar [Ilum nation to print dense trenches. The exposed
waf ers were post exposure baked at 115 C for 90 seconds for Lithographic
Exanpl e 52 and 110C for 90 seconds for_Lithographic Exanple 53. Both were
devel oped f od0H¥PlseconbBendprglowmdy I@@eﬁﬁ&ﬁe@\fﬁmatmﬁﬁ'ﬁumafﬂ?dwede

solution. Th S I dsn oL - QR ; er and
spun dry. 72 VERSEEERESAE BERRIEB ler el B e ke B PRIt in 1Rt
exan ned t op-develpey aGasSEihg @an etch gas mixture with one of the etch gases being

an oxygen source. After the etch process, wafers were then sheared cross-

sectionally across the photoresist relief images formed during the above
processes. The data was collected using a Hitachi scanning electron
microscope at a magnification of 100k times. Lithographic Examples 52 and
53 formed 100 nm equal lines and spaces with near vertical profiles.

[00137] . While the invention has been described herein with reference to
the specific embodiments thereof, it will be appreciated that changes,
modification and variations can be made without departing from the spirit and
scope of the inventive concept disclosed herein. " Accordingly, it is intended to
embrace all such changes, modification and variations that fail with the spirit

and scope of the appended claims.
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phot ospeed, depth of focus (DOF), and exposure latitude (EL). Properly sized
100 nm dense trenches required an exposure dose of 31.8m/cnR2, had a depth
of focus of 0.44 m and 11 % Exposure Latitude (EL) for Lithographic

Exanpl e 52Wd:){09ﬁ@23£5¥ si zed 100 nm dense trenches requi r pdr/gshoes@esur e dose
of 48.4m /cn® a depth of focus of 0.78 m and 14.3% Exposure Latitude

(EL) for L|thograph|c as well as a Mask Error Factor (MEF) of 3 for Exanple
53. [0136] Af t op- down by CD SEM eval uation, the wafers were subjected
to etch in a EWB reactor to etch away the undercoat in the devel oped
areas using an etch gas mxture with one of the etch gases being an oxygen
source. After the etch process, wafers were then sheared cross- sectionally
across the photoresist relief imges forned during the above processes. The

data was col lsect e%og yR@r %W@%Ehom@ﬁﬁwg o%'té?ﬁé& ®R zpcny I

magnlflcatlon of tinmes i c Exanples 5 53" fornmed 100 nm
equal lines and spacdmsatiiratedgseup R ottheanormmewfe%trutheﬂsn . Wiile the

i nvention has been described herein with reference to the specific

enbodi nents thereof, it will be appreciate® that changes, nodification and
vari ations can be made wi t hout depart]j ng fdlom t he spirit and scope of the

i nventive concept disclosed herein. ) gly, it is intended to enbrace
all such changes, nodification and varla ions that fall with the spirit and
scope of the appended clainms. 73 WO 2005( 022257 W cl aim PCT/ US2004/ 026979
1 A polymer having nononeric units oRE4l n Rzon3 pol yneri zing through an
unsaturated group R of the nonomR~\of StruUciBre |l R | Cc,OR/--~ R2

S S
R3/ l\O/ _I\R3
Structure |

wherein R' is a moiety containing an ethylenically unsaturated
polymerizable group, each R? is independently a C+-C3 alkylene group,
and each R® is independently selected from the group consisting of a
Ci.10 linear or cyclic alkyl group, a Ce.10 aromatic or substituted
aromatic group, a C4.s alkoxy methyl, and a C4.s alkoxy ethyl group.

2. A polymer of claim 1 wherein the monomer of structure 1 is selected
from the group consisting of 1,1,3,3-tetramethyi-1,3-disila-2-
oxacyclohexane-carboxylic acid allyl' ésfeﬁ '1,1,3,3-tetramethy!-1 3~
disila-2-oxacyclohexane-carboxylic acid butenyl ester, 1,1,3,3-
tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic acid vinyloxyethyl
ester, and 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic

acid p-methallyl ester.
3. A polymer comprising a co-polymer having monomeric units obtained

on polymerizing through an unsaturated group R' of a monomer of
Structure |
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R I I R3 R3iSL.Oe SL'R3 Structure | wherein R is a noiety containing an
ethylenically unsaturated polynerizable group, each R2 is independently a
Cl-C3 al kyl ene group, and each R3 is independently selected fromthe group
consi sting 2@s5/05235710 | inear or cyclic alkyl group, a @erAR:@kMikedl C Or
substituted aromatic group, a C _e alkoxy methyl, and a Cl. al koxy ethyl
group. 2. A polymer of claim 1l wherein the mononer of structure 1 is
selected fromthe group consisting of 1,1g3, 3-tetranethyl-1,3-disila-2-
oxacycl ohexane-carboxylic acid allyl ester, 1,1,3,3-tetranethyl-1, 3-

di si | a- 2- oxacycl ohexane- car boxyl i c acOg by©Oenyl ester, 1,1, 3, 3-

tetranet hyl -1, 3-di si | a- 2- oxacycl ohexane=ar boxylic acid vinyl oxyet hyl

ester, and 1,1,3,3-tetramethyl -1, 3-di si | ja- 2- oxacycl ohexane-carboxylic acid
43-nmethal 'yl ester. 3. A polyner co R g2a co- pol ymer havi ng nononeri c

units obtained on polynerizing thg gh an unﬁhturat ed group Rl of a nononer
of Structure | 74 WO 2005/ 022257 USZO ,4\7[ 6979 R2/ W2 R31, ," R3
R3"S O'S R3 Structure |I wherein R]RI/S ie contai ning an ethylenically

unsaturated polynerizabl e group, each R2 i s independently a Cl-C3 al kyl ene
group, and each R3 is independentIgirgefupetied fromthe group consisting of a
ClL 10 linear or cyclic alkyl group, a C6_10 aromatic or substituted

aromatic group, a C _8 al koxy nethyl, and a Cl1_8 al koxy ethyl group, and

mononeric units obtainedohy. pal ynerizi . aci_d- jcal ly
unsat ur at ed pol ym\gl FEedﬁl gb nher |e&y Mtﬁﬂmﬁ aﬂ %Wéﬁr&é’i@ U%EQ%LA?QH
polymerizable group, each R? is independently a C4-C; alkylene group,
and each R? is independently selected from the group consisting of a
Ci.10 linear or cyclic alkyl group, a Cs.19 aromatic or substituted

aromatic group, a C4.g alkoxy methyl, and a C4.g alkoxy ethyl group,

and monomeric units obtained by polymerizing an acid-sensitive
ethylenically unsaturated polymerizable monomer.

4. A polymer according to claim 3 wherein the monomer of Structure | is
selected from the group consisting of 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclohexane-carboxylic acid allyl ester, 1,1,3,3-tetramethyl-1,3-
disila-2-oxacyclohexane-carboxylic acid butenyl ester, 1,1,3,3-
tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic . acid vinyloxyethyl
ester, and 1,1,3,3-tetramethyl-1,3-disila-2-oxacyclohexane-carboxylic

acid p-methallyl ester.
5. A polymer according to claim 3 wherein the acid- sensitive ethylenically

unsaturated polymerizable monomer is selected from the group
consisting of monomers of the structure
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4. A polymer according to claim3 wherein the nononer of Structure | is

sel ected fromthe group consisting of 1,1,3,3-tetranethyl-1,3-disila-2-
oxacycl ohexane-carboxylic acid allyl ester, 1,1,3,3-tetramethyl-1, 3-
disila-2-o0 ane-car boxylic acid butenyl ester, i
tetranethyﬁﬁi¥§§§¥%§la-2-oxacyc|ohexane-carboxylic, aciécéwﬁgﬁg%?%?hy

ester, and 1,1, 3,3-tetranethyl -1, 3-di sil a- 2- oxacycl ohexane-carboxylic acid
P-nethal lyl ester. 5. A polynmer according to claim3 wherein the acid-
sensitive ethylenically unsaturated pol%ﬁerizable nmononer i s selected from
the group consisting of nononmers of ™he structure 75 WO 2005/ 022257

PCT/ US2004/ 026979 14 ,Structure Il Strugture Il Structure IV wherein R4 is

selected fromthe g Ibup consi sting_pf drogen, Cl_3 alky group, or a Cl1.3
perfl uorinated alfy&:gr oup, R5 is 8e P fromthe roug consisting of

P 2Y5 |inear orﬁW%&Tkoxy alkyl, R
is selected frothkSgroup consi stpngy f H Cl- C4 wgt al kyl, CN, and

C4- 20 branched or c c al kyl, and

CH2CO2R13; R7 and R8Rare each iﬂ@épe dently selected fromthe group
consisting of H linear or branched €1-C4 alkyl, and halogen; R9 is

sel ected fromthe group consistin§ ofy M, or branched or linear Cl-C4 alkyl;
R10 is selected fromthe group consisting of substituted or unsubstituted
phenyl, a substituted or wunsubstituted |inear, branched or cyclic Cl-C20

al kyl, optionally sga@mi ning an etsh@fwedl ester groupSmawusmpstituted or

unsubstituted phepyl al kul ene and substituted or. unsubstituted - C23
cyclic alkyl ene; W%rf'ré:% '§1s4el%1‘?q%d 3??&%8’&%@&%1 Goupting QE %‘Y%’RS?%ES? oup
consisting of H hkpegbuplord nspediueringte!dl) gloupl R°as kkelectednfork thé-14
alicyclic; R13 is selected froma Cl-Cl4 branched linear or_cyclic alkyl,

substituted or unSi@YRtFaANSISEAY fHe 2o DERNEhEd-an ayclie iald) ard §rslipeat Rl R14
cyclic a-alkoxy alkyl, R is selected from the group consisting of H, Cs-

C4 lower alkyl, CN, and CH,CO.R"; R” and R® are each independently
selected from the group consisting of H, linear or branched C4-C4 alkyl,

and halogen; R® is selected from the group consisting of H, or
branched or linear C:-C4 alkyl; R is selected from the group
consisting of substituted or unsubstituted phenyl, a substituted or
unsubstituted linear, branched or cyclic C4-Cy alkyl, optionally
containing an ether or ester group, a substituted or unsubstituted
phenylalkylene and a substituted or unsubstituted Cg-Co cyclic
alkylene; R'" and R'" are independently selected from the group
consisting of H, linear or branched or cyclic C1-C{4 alkyl, and C7-Cq4
alicyclic; R™ is selected from a C4-C14 branched linear or cyclic alkyl,
substituted or unsubstituted phenyl, and C-C14 alicyclic group, and R™
is an acid cleavable protecting group that generates carboxylic acid
when cleaved by acid.

6. A polymer according to claim 4 wherein the acid- sensitive ethylenically

unsaturated polymerizable monomer is selected from the group

consisting of monomers of the structure
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is an acid cleavable protecting group that generates carboxylic acid when
cl eaved by acid. 6. A polyner according to claim4 wherein the acid-
sensitive ethylenically unsaturated pol ynerizable nononmer is selected from
t he group vﬁgg@%@hgﬁg of nononers of the structure 76 VW2o9R0fekes9 7

PCT/ US2004/ 0 o RL %2 H Structure Il Structure Ill Structure 1V
wherein R4 is selected fromthe group consisting of hydrogen, Cl.3 al kyl
group, or a Cl1_3 perfluorinated al kyl group, R5 is selected fromthe group
consi sting of C4.20 branched or cyclic-alekyl, and C2.8 linear or cyclic
a-al koxy alkyl, R6 is selected fromthe group consisting of H Cl- C4 |ower
al kyl, CN, and CH2CQaR13; R7 and R8 arg each independently selected from

br anghed Cl-C4 al kyl o and hal ogen; R9

the group consisting of H |I|inear

is selected fromﬁg%éoup consistin 8}, or brangshed @r linear C, -C4
al kyl; R10 is selecyed fromthe group 7consisting tigufed or
unsubstituted phenyk, a substitufed _oro unsubstit i near, branched or
cyclic C1-C20 al kyl ,RoptionallyR conf{aining an ether or ester group, a
substituted or unsubstituted phenyl&alkyl ene and a substituted or
unsubstituted C6-C20 cyclic al kyRengi®R11 and R12 are independent!y
selected fromthe group consisting of H, linear or branched or cyclic
Cl-Cl14 alkyl, and C7-Cl4 alicyclic; R13 is selected froma Cl-Cl4 branched
| i near or cyclic a$tgukgll substit ut 8ccoeMuNsubsti t ut edSphemN , and C7- Cl4
alicyclic group, 4 i i e LPg tRat

gener ates car boxy |%egtlzlﬁd |§$ﬁ£§é&t€tﬁé§\t}ﬁﬁé@& 8%%&%59( Bﬂl Q%rgaéa}(‘:'cg?ﬁi ng to
cl ai m 3 wherein tdalkylgroyprer @i pedlaatihated alkyl group, R® is selected from the

group consisting of C420 branched or cyclic-alkyl, and C,.g linear or
cyclic a-alkoxy alkyl, R® is selected from the group consisting of H, Cs-
C4 lower alkyl, CN, and CH,CO,R': R” and R® are each independently
selected from the group consisting of H, linear or branched C4-C; alkyl,
and halogen; R® is selected from the group consisting of H, or
branched or linear Cy-C4 alkyl; R' is selected from the group
consisting of substituted or unsubstituted phenyl, a substituted or
unsubstituted linear, branched or cyclic C4-Cyo alkyl, optionally
containing an ether or ester group, a substituted or unsubstituted
phenylalkylene and a substituted or unsubstituted Cg-Cyy cyclic
alkylene; R'"" and R' are independently selected from the group
consisting of H, linear or branched or cyclic C4-Cy4 alkyl, and C7-Cq4
alicyclic; R™ is selected from a C4-Cy4 branched linear or cyclic alkyl,
substituted or unsubstituted phenyl, and C;-C14 alicyclic group, and R
is an acid cleavable protecting group that generates carboxylic acid
when cleaved by acid.

7. A polymer according to claim 3 wherein the polymer additionally

comprises monomeric units from polymerization of another silicon

monomer having a polymerizable double bond.
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conprises nononeric units from pol ynerization of another silicon nononer
havi ng a pol yneri zabl e doubl e bond. 77 WD 2005/ 022257 PCT/ US2004/ 026979 8. A
pol ymer accordi ng to claim4 wherein the polynmer additionally conprises

nononeri c ,94n pol ymeri zation of another silicon pppRRIRERSN NI a
pol ymeri zabl e @ {)?e bond. 9. A polymer according to claimbs wherein the

pol ymer additionally has nonomeric units from polymerization of another
silicon nonoBer Aapolyoen Fcwoydieg i toablaén déuwhereboribie noilymAr padditiomallyaccor di ng

to claim8 wh the oth d f h
consi ating of ai | GRS rencTsrs” SRy IR PotbRgRaloRe S e, gy
met hyl t ri met hyl si meAemerBaviag aypolnierizabipydiblé HoOhd.i rret hyI si |l oxy)si | ane and

a PCSS nol ecul e of Structure I X, ko 19 1 Rzo OSi SfO0 Rz0~~" O1L OHO / Si
"Rzo RzVSi-ORzo -S 0Ozo 20100 Si4-R wherein R19 is selected fromthe

group consi soi N AfpdhiflePaesrmig G daint 6\ARGreRY tHer BaIgHER sdlulishaly Rap. and a

| i near or branched Cl- perfluorinated al kyl group; each
i ndependent | y sel @@neaefie oumitshdrongr palymedzaiiost pﬁgartslrthwy@m@g@nmoaomr 20

| i near, branched, e%n%l ?6@&%@5@’ out BYRy. @ Cr-20 alicyclic alkyl group,

and a CL.10 aroma yrrer according to claim9 wherein the

ot her silicon nononer sel ected fromthe group consisting of

al Tytrimet hy'18.' | aR polymer according to claim 8 wherein the other silicon monomer is
selected from the group consisting of allytrimethylsilane,
vinyltrimethylsilane, methacryloxy methyltrimethylsilane, methacryloxy

propyltris(trimethylsiloxy)silane, and a POSS molecule of Structure IX.

19

wherein R is selected from the group consisting of hydrogen, a Ci.3
linear or branched alkyl group, and a linear or branched Ci.3
perfluorinated alkyl group; each R? is independently selected from the
group consisting of hydrogen, a C1.2 linear, branched, or a cyclic alkyl

group, a Cy.y alicyclic alkyl group, and a Cy.49 aromatic group.

11. A polymer according to claim 9 wherein the other silicon monomer is

selected from the group consisting of allytrimethylsilane,
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78 WD 2005/ 022257 PCT/ US2004/ 026979 vinyl trinmethyl sil ane, nethacryl oxy

nmet hyl tri net hyl sil ane, nethacryloxy propyltris(trinethylsiloxy)silane, and

a PCSS nol ecul e of Structure IX. 19 R20 -S~ 020 20 ~OOSitRRi rsi Rzo

0R200\ -0 vy RoShs7 RRO S i--0 R20/ wherein R19 is sepegfugshoibRoiot he group
consisting of hydrogen, a Cl.3 Ilinear or branched al kyl group, and a linear
or branched Cl1.3 perfluorinated al kyl group; each R20 is independently

sel ected fromt heVlnthhEbﬂﬁﬂ%tmﬁ@aéfymvdm@géﬁr'”&ﬂms@oel imriBacrylex¥nched,

I | Kyl 10
g; o?raf?/g Ig?oﬁp. ylﬁfﬁwéhg ”"?rreérwlgcc ?édl:aﬁéc doca a| m gg,r er elme %(])1 ymer

additionally conprises nononeric units fronlpolynerlzatlon of at |east one
ot her ethylenically unsaturated,i9pol yneri zabl e property enhanci ng nonomner.
13. A polymer according to claipt7 wherein the polyner additionally
conprises nononeric units fr ol yneri zation of at |east one other
ethylenically unsaturated, poly izabl e property enhanci ng nononer. 14. A
pol ymer according to claim5b rein the polyner additionally conprises
mononeric units from pol ynerization of at |east one other ethylenically
unsat urat ed, pol ynerizabl e property enhanci ng*hononer. 79 WD 2005/ 022257
PCT/U82004/026979 15. A pol yner accordcﬁg_g claim9 wherein the polyner
additionally conprises nonomer \C %PI s fro Bolynerlzatlon of at |east one
ot her

OEI/ /§?6
20 °8j —O O\|
R0 0 i
>S' 0
R2

wherein R'® is selected from the group consisting of hydrogen, a Ci.3
linear or branched alkyl group, and a linear or branched Cij
perfluorinated alkyl group; each R? is independently selected from the
group consisting of hydrogen, a Ci.x linear, branched, or a cyclic alkyl
group, a Cy.z alicyclic alkyl group, and a C1.1o aromatic group.

12. A polymer according to claim 3 wherein the polymer additionally
comprises monomeric units from polymerization of at least one other

ethylenically unsaturated, polymeriza'ble property enhancing monomer.

13. A polymer according to claim 7 wherein the polymer additionally
comprises momomeric units from polymerization of at least one other
ethylenically unsaturated, polymerizable property enhancing monomer.

14. A polymer according to claim 5 wherein the polymer additionally

comprises monomeric units from polymerization of at least one other
ethylenically unsaturated, polymerizable property enhancing monomer.

79



ethylenically unsaturated, polynerizable property enhanci ng nononmer. 16. A
pol ymer according to claim 12 wherein the other ethylenically unsaturated,
pol ymeri zabl e property enhanci ng nononmer is selected fromthe group

consi sti ng v 2esgppener of Structure V, VI and VI R15 Bt@uskhoofeofd O-RL7
\R18 Structure V Structure VI Structure VII wherein R15 is selected fromthe
group consisting of H a Cl-4 linear or branched alkyl and a |inear or
branched C1. 45%al k&po@rwpacwalrgsto siaiec fewhereim thee Pglysigs addiioraliyng of
hydrogen, a Cl1_3 |, h I dofd Iikgranched
Cl. 3 perfluorinat eg’:@ﬁée? orir%;nﬁégfc %ﬂt?aéré%se %ﬂgg%at?{ﬁo?n 13%%8(9 c'%{m sting
of a C1-20 linear ethyﬂnracnﬂyemsaturateycd)olwnehzable orapenty e@haﬁdnglmmﬁerc al kyl
group, a Cl1-20 linear, branched, or cyclic ether group, and a Cl1_10
aromatic group; and R18 is selected fromthe group consisting of a Cl-8

al koxy, or a1@l. 8 salgoymeéstaetording kY| clgiar bIax ydrjdrein &vedl dibelr @tylericallyp. 17. A
pol ymer according to claim 13 wherein the other et hél eni cally unsaturated,

pol yneri zabl e pr oH@F@‘&‘@ﬁﬁaH‘é'NﬂGr'mﬁrﬁPp?@ £8hap¢iag MeNYRALY ifeSgeele

consisting of a %}B O§EBH§§ﬁngof\é thoﬁa@idoNSiru@thé/\@ OS8R 0R2257
PCTI US2004/ 026979 R15 RI Structure V Structure Vi

Structure VI

/ R1 5 R1 6
—g_:o _‘\/ R'8
/[ N
o” N0 o O 4
R
Structure V Structure VI Structure Vi

wherein R is selected from the group consisting of H, a C1.4 linear or
branched alkyl and a linear or branched C;.; alkoxy group; R'® is
selected from the group consisting of hydrogen, a Ci3 linear or
branched alkyl group, and a linear or branched C4.3 perfluorinated alkyl
group; R' is selected from the group consisting of a Ci.0 linear,
branched, or cyclic alkyl group, Cr.2¢ alicyclic alkyl group, a C4-o linear,
branched, or cyclic ether group, and a C.1o aromatic group; and R'® is
selected from the group consisting of a C.g alkoxy, or a C1.g alkyl ester,
alky! carboxylate, and hydroxyl group.

17. A polymer according to claim 13 wherein the other ethylenically

unsaturated, polymerizable property enhancing monomer is selected
from the group consisting of a monomer of Structure V, VI and VII
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wherein R15 is selected fromthe group consisting of H a Cl.4 |linear or
branched al kyl and a linear or branched Cl.4 al koxy group; R16 is selected
fromthe group consisting of hydrogen, a Cl1_3 linear or branched al kyl
group, andydghdossahsOr branched Cl.3 perfluorinated al Kylri8sdpicoBL7 1S

sel ected fromthe group consisting of a Cl.20 |linear, branched, or cyclic
al kyl group, Cr7_20 alicyclic alkyl group, a Cl-20 linear, branched, or
cyclic ether group, and a %15 10 aromath@ group; and R18 is selected from

t he group consi sting_of 1.8 al or a Ci. | kyl ester, alkyl
carboxyl ate, and hydr oxy group. % ymer %\rng to claim 14 wherein
t he ot her ethyl eni nsat ur at ed, /pol“yneri zabl e property enhanci ng
nononer is sel ect &4 féom tthe group izsting of a mononer of Structures V,
VI and VII R15 RI6 ~O '0 OO O 1 R17'Structure V Structure VI Structure
VIl wherein R15 is selected fromthe group consisting of a H Cl.4 linear or
branched al kyl and a Structse Vor br 8tradterd \314 al koSyugureufit R16 is sel ected
fromthe group consisting of hydrogen, a Cl1_3 linear or branched al kyl
group, and a linear or branched C -3 perfluorinated al kyl group; R1l7 is

sel ected fromth r rcyclic
al kyl group %Héaﬁlglwgl;fﬁe ? g%dté‘tﬁfreﬂ;notﬁe%}o&g’fbgél?@{gngfaiﬁ 9@1[}%93885/ 022257
PCT/ U82004/ 026979)rbnetmm@djgyl @ndcgclinaarslrhbnanghedurfh _aatkoxy aroay R'Simt i c

0roup, 20 R 19, 1o SR ISP SRITERY, B, BBy,
according to clai hsmﬂa&ueﬁwalkw drotpcaret adineatdnbrancrosl Cy; perﬂuorlnated alkyl
group; R' is selected from the group consisting of a Cyz linear,
branched, or cyclic alkyl group, C7.59 alicyclic alkyl group, a C4-2 linear,
branched, or cyclic ether group, and a Ci.1¢ aromatic group; and R* is
selected from the group consisting of a C4.g alkoxy, or a Cy.g alkyl ester,

alkyl carboxylate, and hydroxyl group.

18. A polymer according to claim 14 wherein the other ethylenically
unsaturated, polymerizable property enhancing monomer is selected

from the group consisting of a momomer of Structures V, VI and Vi

/R15 R16
L e T
SN
o” ~o” o O 47
R
Structure V Structure VI Structure Vi

wherein R is selected from the group consisting of a H, C1.4 linear or
branched alkyl and a linear or branched Ci4 alkoxy group; R'® is
selected from the group consisting of hydrogen, a Ci.; linear or
branched alkyl group, and a linear or branched C1.3 perfluorinated alkyl
group; R is selected from the group consisting of a Cy linear,
branched, or cyclic alkyl group, Cr. alicyclic alkyl group, a Cy- linear,
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unsat urated, polynerizable property enhanci ng nononmer is selected fromthe
group consisting of a nononer of Structures V, VI and VII R15 R16 R18 COHO O
O-R17 Structure V Structure VI Structure VIl wherein RL5 is selected from
the group GEYSishiRg of H a Cl.4 linear or branched alpylysagaglosotol near or
branched Cl.a al koxy group; R16 is selected fromthe group consisting of
hydrogen, a Cl1-3 linear or branched al kyl group, and a |inear or. branched
Cl. 3 peri uori nat écarmhied| or grojmpthemgrours angl @&1edalqumﬁctgfeug:rm¢RcoIQS| sting
of a C1_20 I|inear [ I c al kyl
group, a C1-20 Ilﬁggfdafp(% ﬁc e’ or s'csﬁnﬁlbﬁé’e1 & bﬁ?@ﬁ%mﬁggh

aromati c group; afkyl Eﬁr&oxwatesehebyét@xylrgmmp.he gr oup consisting of a C1_8

al koxy, or a Cl-8 al kyl ester, alkyl carboxylate, and hydroxyl group. 20. A
pol ymer according to claim 12 wherein the nononmer of Structure | is

sel ected from t he goBiierc adsoingdo Oélalﬂn 1153 wheréinr aetditiér btRshicdllya- 2-
oxacycl ohexane- car boxylic acid and 1,3,3-tetranethyl -1, 3-di si | a- 2-

oxacycl ohexane- c &ppatiiated, aeb'mepzawﬁtmapm eabaRging JAeNQmer icpelectsdnsi ti ve
ethyl enically un f Structure
1 85 W0 2005/ 05oTb Y e R e PR B S Ll R IR Gl ect ea
fromthe group consisting of hydrogen, C1_3 alkyl group, or a Cl.3

perfl uorinated al kyl group and R5 is ség ect ed from the group consisting of
' C4- 20 branched or cyclic R kyI and 8 linear or cyclic a-al koxy al kyl.
21. A pol ymer accorfmg:/o claim erein the—n‘n\r\lgfrm{ of Structure Il is
sel ected fromthe grnoup tonsisting of =t=@utyl acry R and t- but yl

net hacryl at e. o o o

O\R17

Structure V Structure VI Structure VI

wherein R is selected from the group consisting of H, a Cy.4 linear or
branched alkyl and a linear or branched Ci4 alkoxy group; R'® is
selected from the group consisting of hydrogen, a Ci3 linear or
branched alkyl group, and a linear or branched C1.3 perfluorinated alkyl
group; R' is selected from the group consisting of a Cig linear,
branched, or cyclic alkyl group, C7.29 alicyclic alkyl group, a C4-z linear,
branched, or cyclic ether group, and a Cy.19 aromatic group; and R' is
selected from the group consisting of a C_g alkoxy, or a C4_g alky! ester,
alkyl carboxylate, and hydroxyl group.

20. A polymer according to claim 12 wherein the monomer of Structure | is
selected from the group consisting of 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclohexane-carboxylic acid and 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclohexane-carboxylic acid B-methallyl ester, and the acid
sensitive ethylenically unsaturated, polymerizable monomer is a

monomer of Structure I,
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22. A polymer according to claim 13 wherein the nononer of Structure I is
sel ected fromthe group consisting of 1,1,3,3-tetranethyl-1,3-disila-2-
oxacycl ohexane-carboxylic acid and 1,1, 3,3-tetranethyl -1, 3-disila-2-

oxacycl ohexggsssashexyl ic acid (3-nethallyl ester, the gghrfsS®Ipidobove
et hyl eni cal | y unsaturated, polynerizable nononer is a nonomer of Structure

Il, and the other silicon nononer is 3-(3,5,7,9,11, 13, 15-

hept aet hyl pentacyclo [9.5.1. 13,915, 1s 17" 13] oct a-sil oxan-1-yl) propyl

met hacryl ate. 23. A polyner according to, claim22 wherein the nononer of
Structure Il is selected fromthe groyp consisting of t-butyl acrylate and
t-butyl nmethacrylate. 83 WO 2005/02 7 PCT/ US2004/ 026979 24. A pol yner
according to claim 14 wherein the acid-gefsitive ethylenically unsaturated
pol ymeri zabl e nononer conprises a mongner of Structure Il Structure 1)
wherein R4 is selected fromthe group censisting of hydrogen, Cl1_3 alkyl
group, or a Cl_3 perfluorinated al kyl group, and the ethylenically

unsat urated, polynerizable property enhanci ng nononer is maleic anhydride,
and R5 is selected fromthe group consisting of C420 branched or cyclic

al kyl, and C2-8 linear or cyclic a-al koxy al kyl,. 25. A photosensitive
conposi tion conprising: a. at |east gpne naolymer; b. at |east one photoacid
generator, and c. at |east one solvent, .wherein the at |east one pol yner
conprises a polynmer of claim3. 26. A photosensitive conposition according

to claim 25 wherei,n the at | east, pne photoaci d generat.or_ conpri ses a
phot oaci d gener at"m‘er‘?'ﬁg% '%éﬁ'&P%dego@u oFPHP fangistigg of hydrogen, T

alkyl group, or a C1_; perfluorinated alkyl group and R® is selected from
the group consisting of "Cy4.20 branched or cyclic alkyl, and C,.g linear or

cyclic a-alkoxy alkyl.

21. A polymer according to claim 20 wherein the monomer of Structure Il is
selected from the group consisting of t-butyl acrylate and t-butyl
methacrylate.

22. A polymer according to claim 13 wherein the monomer of Structure | is
selected from the group consisting of 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclohexane-carboxylic acid and 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclohexang-carboxylic acid B-methallyl ester, the acid sensitive
ethylenically unsaturated, polymerizable monomer is a monomer of
Structure Il, and the other silicon monomer is 3-(3,5,7,9,11,13,15-
heptaethylpentacyclo  [9.5.1.13%.1%'% 17"3|octa-siloxan-1-yl)  propyl
methacrylate.

23. A polymer according to claim 22 wherein the monomer of Structure Il is

selected from the group consisting of t-butyl acrylate and t-butyl
methacrylate.
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WO 2005/ 022257 PCT/ US2004/ 026979 27. A photosensitive conposition according
to claim 25 wherein the at |east one photoacid generator conprises a

phot oaci d generator selected fromthe group consisting of iodonium or

sul f oni um sid bRBeies. 28. A photosensitive conposition gcetasshonged® cl aim 27
wherein the sulfonate-is a fluorinated sul fonate. 29. A photosensitive
conposition conprising: a. at |east one polyner; b. at |east one photoacid
generator, &4d A pralymeaseacepidingoltoerplaimahtt ehereia dhe | @gisltsansitiveol yner

conprises a poly A gai t Ldasensgiti t @ ical Ly
unsat ur at ed pol y%ﬁleﬁé“bﬁ(ﬁ n‘yonrlsggr{gr?%ds 5@%@8%%%% Eﬁ@r{ﬁerﬁ E& gﬁéégl a

phot osensi ti ve camposidaricdStactwedi ng to claim 29 wherein the at | east one
phot oaci d generator conprises a photoacid generator that generates sulfonic
acid. 31. A photosensitive conposition according to claim30 wherein the at

| east one photoacid generator conprises a photoacid generator selected from
the group consisting of iodoniumor sulfoniumsulfonates. 32. A

phot osensitive conmposition according to claim31 wherein the sulfonate is a
fluorinated sul fonate. 33. A photosensi® ve conposition conprising: a. at

| east one polyner; b. at |least one p oacid generator, and c. at |east one
sol vent, wherein the at |east one poly gonprises a polynmer of claim8 and
the acid-sensitive ethylenically unsatyfated polynerizable nononer is one

of Structure Il. 85 WO 2005/ 022257 PCT/{$2004/ 026979 34. A photosensitive
conposition according to claim 33 wherein the at

Structure 1)

wherein R* is selected from the group consisting of hydrogen, Ci3
alkyl group, or a C4.3 perfluorinated alkyl group, and the ethylenically
unsaturated, polymerizable property enhancing monomer is maleic
anhydride, and R® is selected from the group consisting of Cazo

branched or cyclic alkyl, and Cz.glinear or cyclic a-atkoxy alkyl,.

25. A photosensitive composition comprising:
a. atleast one polymer;
b. at least one photoacid generator, and
c. atleast one solvent,

.wherein the at least one polymer comprises a polymer of claim 3.
26. A photosensitive composition according to claim 25 wherein the at

least one photoacid generator comprises a photoacid generator that
generates sulfonic acid.
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| east one photoaci d generator conprises a photoacid generator that
generates sulfonic acid. 35. A photosensitive conposition according to claim
34 wherein the at |east one photoacid generator conprises a photoacid

generator webRsHRek;f rom the group consisting of iodoni gar@k20940d6®i@i UM
sul fonates. 36. A photosensitive conposition according to claim 35 wherein

the sulfonate is a fluorinated sul fonate. 37. A photosensitive conposition
conpri si ng: 27a. Atphaasensitive pempesition iaccendinge i claime 2p hwhergdn dhey@her at or

and c. at |east I erel e R3S P ; rises a
pol ymer of clai n%e%%te ao?f \b?ﬁtéoaé:waée?eeﬁ%w i (\:/cgﬁ%ljt'%% té"ni caté)%l%@%qeafgged
pol yneri zabl e noselested ifom theegrofip Sonsisting &f iddani@®.orAsuffboiuossuionatese

conposition according to claim37 wherein the ethylenically unsaturated,
pol ymeri zabl e property enhanci ng nononer is naleic anhydride. 39. A

phot osensi t pge CANMBRASIokEMItIVAS Wohthdaflioho actardimg38o Wigihei 27 thker@in theast one
phot oaci d generator conprises a photoacid generator that generates sulfonic

aci d. 40. A phot S4tonate isaflusingtad sylf9Rateccor ding to clai m 38 wherein the at

| east one photoacid generator conprises a photoacid generator selected from
the group consisting of iodoniumor sulfoniumsulfonates. 41. A

phot osensi t 29e cAmbotisensitivacempdbitign comprising: 40 wherein the sulfonate is a
fluorinated sul fon%t_ e “ggSt\éqer?f%?ﬁA%ZZZS? PCT/ US2004/ 026979 42. A

phot osensitive COITpOSaItI on co hg: a) at |east one polyner; b) at |east

one phot oaci d genembatatrieastiothe photaecid gersdratoneargbl vent ,
c. at least one solvent,
wherein the at least one polymer comprises a polymer of claim 5 and
the acid-sensitive ethylenically unsaturated polymerizable monomer is

one of Structure Il.

30. A photosensitive composition according to claim 29 wherein the at
least one photoacid generator comprises a photoacid generator that

generates sulfonic acid.

31. A photosensitive composition according to claim 30 wherein the at
least one photoacid generator comprises a photoacid generator
selected from the group consisting of iodonium or sulfonium sulfonates.

32. A photosensitive composition according to claim 31 wherein the
sulfonate is a fluorinated sulfonate.

33. A photosensitive composition comprising:
a. atleast one polymer;
b. at least one photoacid generator, and
c. atleast one solvent,
wherein the at least one polymer comprises a polymer of claim 8 and
the acid-sensitive ethylenically unsaturated polymerizable monomer is
one of Structure I.
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wherein the at | east one polynmer conprises a polyner of claim?2l. 43. A
phot osensitive conposition according to claim42 wherein the at |east one
phot oaci d generator conprises a photoacid generator that generates sulfonic

acid. 44. RA@hrtesssnsitive conposition according to cl appyAdil)es®hn the at
| east one photoacid generator conprises a photoacid generator selected from

the group consisting of iodoniumor sulfoniumsul fonates. 45. A
phot osensi t Bée cAnpratoseénsitiveccompbsition accorging 42 oktier 38nwhereirathe labast one

Composi 11 on accoPaPhg e ariotaati saHeialh Hhiee="driuotle orBRROPRERT ot 0

sul fonate. 47. Ageiwrhteseutfohic\eeid:onposition conprising: a. at |east one
polymer; b. at |east one photoacid generator, and c. at |east one sol vent,
wherein the at | east one polynmer conprises a polyner of claim?24. 48. A

phot osensi t Rge CRANPRAStbEANIVRC EMBbEIfon QcedrIing 407 ciRr 8iwhéRirathe lagast one
phot oaci d generator conprises a photoacid generator that _(gener ates sulfonic
aci d. 49. A phot legshsing \ahoteasgisb sgenasatonceARRIiSeS 2 RNoie3aid 79enasatlern t he at

| east one phot oagi I i ected from
t he group consi s%lgggg?% ﬁ%?@%&hggﬁ?%ﬁg&rﬁ@%f%rﬂ? g@@%&'(ﬂ@?&%/ 022257
PCT/ US2004/ 026979 50. A photosensitive conposition according to claim47
herein the gfi I eﬁst one @{]ot oaci d gener at oni co%rilses %5 sul f oni grr]n

sul fonat e. T A pﬂg?@%'ﬁ 'Y§ 2 8 ACE UG d?ﬂ'ént V3FH M9 her ei n
the sul fonate isulforatalierd Magrimdtedisdifonates. 52. A process for the

| ithographic treatnent of a substrate by neans of a bilayer photoresist

process, the process conprising: a) providing a substrate,
37. A photosensitive composition comprising:

a. atleast one polymer;

b. atleast one photoacid generator, and

c. atleast one solvent,
wherein the at least one polymer comprises a polymer of claim 14 and
the acid-sensitive ethylenically unsaturated polymerizable monomer is

one of Structure 1l.

38. A photosensitive composition according to claim 37 wherein the
ethylenically unsaturated, polymerizable property enhancing monomer
is maleic anhydride.

39. A photosensitive composition according to claim 38 wherein the at
least one photoacid generator comprises a photoacid generator that
generates sulfonic acid.

40. A photosensitive composition accord-ing to claim 38 wherein the at
least one photoacid generator comprises a photoacid generator

selected from the group consisting of iodonium or sulfonium sulfonates.

41. A photosensitive composition according to claim 40 wherein the

sulfonate is a fluorinated sulfonate.
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b) coating in a first coating step said substrate with an undercoat
solution, c) baking to renove solvent, d) coating in a second coating step a
phot osensitive conposition of claim25 over the undercoat to produce a

bil ayer phQ{@ifshsbss Stack, e) exposing the bilayer resg,gifm?;@g,{mg;g)
devel opi ng the photosensitive conposition portion of the bilayer

photoresi st stack nmaking a portion of the underlying undercoat visible, @)
ri nsi ng theddi | ayehotolsensitiescampassitimkcoraprising: et chi ng t he vi si bl e under coat

in an oxidizing pl to d a bilayer relief imge. 53. A process for
AL AL it BBF PRy

the lithographic t Strate by neans of a bilayer photoresist
process, the proceb} attegst oAé photoaridemeratongnd substrate, b) coating in a

first coating step saiﬁl substrate with an undercoat solution, c¢) baking to
renove sol vent, d)Ct&{¢asyone salveBkond coating step a photosensitive

composi tion of \GhérelR tA8 0 Yist bhE pHIfRr e8/fpris€s &R of cRlilayer phot or esi st
stack, e) exposi ng&tbhe %i I ayesr regi St gt a?tl?,n 88 \?\% 2005/ (5:22|257

PCTI US2004/ 026979 f) devel opi ng the phot osensitive conposition portion of

t he bil ayer 4, pho i fac ﬂ&# i L4 h Vi nder coat
vi si bl e, g)4?'i nsé%%?%%%g?'}/gyé@r P c')q])g‘r gg‘l%s??hgﬁaac%?"gn% hg e%il@hth%afhe

vi si bl e under codeastnorae phstodicid gengratos momprisps cad pbetoazidogeagratorrtelt ef | nage.

generates sulfonic acid.

44. A photosensitive composition according to claim 42 wherein the at
least one photoacid generator comprises a photoacid generator

selected from the group consisting of iodonium or sulfonium sulfonates.

45. A photosensitive composition according to claim 42 wherein the at

least one photoacid generator comprises a sulfonium sulfonate.

46. A photosensitive composition according to claim 44 wherein the

sulfonate is a fluorinated sulfonate.

47. A photosensitive composition comprising:
a. at least one polymer;
b. atleast one photoacid generator, and
c. atleast one solvent,

wherein the at least one polymer comprises a polymer of claim 24.

48. A photosensitive composition according to claim 47 wherein the at
least one photoacid generator comprises a photoacid generator that
generates sulfonic acid.

49. A photosensitive composition according to claim 47 wherein the at

least one photoacid generator comprises a photoacid genérator

selected from the group consisting of iodonium or sulfonium sulfonates.
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54. A process for the lithographic treatnment of a substrate by neans of a
bi | ayer photoresi st process, the process conprising: a) providing a
substrate, b) coating in a first coating step said substrate with an

under coat v&?iddglhﬁ%7 _ c) baking to renmove solvent, d) eeflkigsbide”d Second
coating step a photosensitive conposition of claim33 over the undercoat to

produce a bilayer photoresist stack, e) exposing the bilayer resist stack,
f) devel opis@ t rephbtosensitva tompositiorpasddrding tp @idimod? héreim ethebal iepst

phot or esi st stack Ki ng . ortjon of the underlying undercoat visible, @)
Vinsing the bil EPIRRAGH eSTeralateqmprisesa IO FHigNaRe visi bl e under coat
in an oxidizing plasma to produce a bilayer relief imge. 55. A process for
the lithographic treatnment of a substrate by neans of a bilayer photoresist

process, tH&l.pr dtadwtesansitivei ARMPaSItion oAGCArHng atos ¢laimr 40e wheyeigoltei ng in a
first coating Stsglg?oﬁﬁ-leqs sybshhAks sWif&gbté‘.” undercoat solution, d) baking to

renove sol vent, coating 1n a second coating step a photosensitive
conposition of claim37 over the undercoat to produce a bilayer photoresist

pCT1 Uszob4 200 o aracese et B g ReRHBgEns 7 S Sea s, Feane 854 i on of
the bilayer phdiayesitorRbiResroteks,Be praeess compesinghe under|yi ng under coat

a) providing a substrate,

b) coating in a first coating step said substrate with an undercoat

solution,

c) baking to remove solvent,

d) coating in a second coating step a photosensitive composition of
claim 25 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist stack,

f) developing the photosensitive composition portion of the bilayer
photoresist stack making a portion of the underlying undercoat
visible,

g) rinsing the bilayer photoresist stack, and

h) etching the visible undercoat in an oxidizing plasma to produce
a bilayer relief image.

53. A process for the lithographic treatment of a substrate by means of a
bilayer photoresist process, the process comprising:

a) providing a substrate,

b) coating in a first coating step said substrate with an undercoat

solution,

c) baking to remove solvent,

d) coating in a second coating step a photosensitive composition of
claim 29 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist stack,
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visible, g) rinsing the bilayer photoresist stack, and h) etching the
vi si bl e undercoat in an oxidizing plasnma to produce a bilayer relief inage.
56. A process for the lithographic treatnment of a substrate by neans of a

bi | ayer phe@s@shabs7r ocess, the process conprising: a) ppiRklBBeD
substrate, b) coating in a first coating step said substrate with an

undercoat solution, c) baking to renove solvent, d) coating in a second
coating step a phof)osiensiopingehe phptosensitive cdmpaditompdtioowé the biayender coat to

produce a bil ayer photoresi.st taCElB €) expos) bil ayer resist stack,
f) devel opi ng t he ph@ﬁ"Bi%ﬁ??ttsrte g 83‘??'{@" B%Ot?'%il}éﬂﬁgy'np dﬁmoﬁ?‘/er
phot oresi st stack nekigigea portion of the underlying undercoat visible, Q)

rinsing the bilayer photoresist stack, and hg et ching the visible undercoat
in an oxidi zi ng pl @kf@sing tPe biaves Phatasesightack 8fef | mage. 57 A process for

the Iithographic U AP @hdHimy tHef vigibRUPRIeFafirPan 8RaRMgPlasinaltb bidtRicephot or esi st
process, the process conprising: a) providing a substrate, b) coating in a

first coating step s bilayabestiebimagsi t h an undercoat solution, c¢) baking to
remove solvent, d) coating in a second coating step a photosensitive
conposition of claim47 over the undercoat to produce a bilayer photoresist
stack, e) exfosiAgrddess ot theclithograpbit tedatroknt 80a substrate by means of a

bilayer photoresist process, the process comprising:

a) providing a substrate,

b) coating in a first coating step said substrate with an undercoat

solution, -

¢) baking to remove solvent,

d) coating in a second coating step a photosensitive composition of
claim 33 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist stack, ’

f) developing the photosensitive composition portion of the bilayer
photoresist stack making a portion of the underlying undercoat
visible,

g) rinsing the bilayer photoresist stack, and

h) etching the visible undercoat in an oxidizing plasma to produce
a bilayer relief image.

55. A process for the lithographic treatment of a substrate by means of a
bilayer photoresist process, the process comprising:
a) providing a substrate,
b) coating in a first coating step said substrate with an undercoat
solution,

d) baking to remove solvent,

d) coating in a second coating step a photosensitive composition of
claim 37 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist stack,
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WO 2005/ 022257 PCT/ US2004/ 026979 f) devel opi ng the photosensitive
conposition portion of the bilayer photoresist stack making a portion of
t he underlying undercoat visible, g) rinsing the bilayer photoresist stack,

and h) etchi i si bl e undercoat in an oxidizi ng pl@asigsibapeeduce a
bi | ayer reﬁ"gﬁ"f’?"?r%az. 58. A process for the lithographic treatnment of a

substrate, the process conprising: a) providing a substrate, b) coating the
substrate with a pHbtdevaienitg the piptpsansitivscompasitionporten otthedilawan ng t he

coat ed bstrate, d i j A b 1) ti on of
subs ) Hﬁ%ﬁf%gt %ﬁcﬁ?ﬁaﬂlﬁﬁ?hgﬁﬁfbﬂ <?f'tH8 uR8EMARYG Lh@&rcBRY !

the coated substrate, devel oped substrate to produce a
relief inmage. 59. A bvisileer photoresist stack conprising a substrate, an

under coat | ayer, . Sf. i of the photosensitive
conposition of cl %ﬁ#@ngﬁ*ﬁ%@%ﬁ%@ggﬁfﬁ%%‘( %g%l | ayer photoresist stack
conpri sing a subst gt etchimg thedibl® ahdéregatin anaxidibiag pldsma tt prodacel- a
-coating of the phot os%gsi tive conposition of claim29 on the undercoat.
61. A bilayer photore@Pdeyelreli§f M8a8ri sing a substrate, an undercoat |ayer,
on the substrate, and a coating of the photosensitive conposition of <claim
33 on the undercoat. 62. A bilayer photoresist stack conprising a substrate,
an under coa®6| ayArprocess faidhe lithngranhic traatinentala pulstiate biemedr ekansi ti ve

conposi tion of B’Iﬂempﬁgto(?&igttﬁo%@? tHePFoceskicdfbrdfg/ 022257

PCT/ US2004/ 02697
a) providing a substrate,

b) coating in a first coating step said substrate with an undercoat

solution,

¢) baking to remove solvent,

d) coating in a second coating step a photosensitive composition of
claim 42 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist stack,

f) developing the photosensitive composition portion of the bilayer
photoresist stack making a portion of the underlying undercoat
visible,

g) rinsing the bilayer photoresist stack, and

h) etching the visible undercoat in an oxidizing plasma to produce
a bilayer-relief image.

57 A process for the lithographic treatment of a substrate by means of a
bilayer photoresist process, the process comprising:
a) providing a substrate,
b) coating in a first coating step said substrate with an undercoat
solution,
c¢) baking to remove solvent,
d) coating in a second coating step a photosensitive composition of
claim 47 over the undercoat to produce a bilayer photoresist
stack,

e) exposing the bilayer resist stack,
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63. A bilayer photoresist stack conprising a substrate,
on the substrate,
42 on the undercoat.

an under co&b

conposition o

58.

59.

60.

61.

62.

alm 47 on the undercoat. 92

f) developing the photosensitive composition portion of the bilayer
photoresist stack making a portion of the underlying undercoat
visible,

g) rinsing the bilayer photoresist stack, and

h) etching the visible undercoat in an oxidizing plasma to produce

a bilayer relief image.

A process for the lithographic treatment of a substrate, the process
comprising:
a) providing a substrate,
b) coating the substrate with a photosensitive composition of claim
25, ...
c) exposing the coated substrate,
d) developing the photosensitive composition portion of the coated
substrate, and
e) rinsing the developed substrate to produce a relief image.

A bilayer photoresist stack comprising a substrate, an undercoat layer,
on the substrate, and a coating of the photosensitive composition of
claim 25 on the undercoat.

A bilayer photoresist stack comprising a substrate, an undercoat layer,
on the substrate;—and—a -coating of the photosensitive composition of
claim 29 on the undercoat.

A Dbilayer photoresist stack comprising a substrate, an undercoat layer,
on the substrate, and a coating of the photosensitive composition of
claim 33 on the undercoat.

A bilayer photoresist stack comprising a substrate, an undercoat layer,

on the substrate, and a coating of the photosensitive composition of
claim 37 on the undercoat.
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an under coat
and a coating of the photosensitive conposition of

| ayer,
claim

64. A bilayer photoresist stack conprising a substrate,
#ui%‘ifzm on the substrate, and a coating ofpdings2plamkesensitive
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63.

64.

A bilayer photoresist stack comprising a substrate, an undercoat layer,
on the substrate, and a coating of the photosensitive composition of
claim 42 on the undercoat.

A bilayer photoresist stack comprising a substrate, an undercoat layer,

on the substrate, and a coating of the photosensitive composition of
claim 47 on the undercoat.
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